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A

PREFACE'

As a result of the 1981 Defense Science Board Summer Study
on Operational. Readiness, Task Order T-2-126 was generated to

look at potential steps toward improving the Material Readiness

Posture of DoD ('hort Title: R&M Study). This task order was

structured to address the improvement of R&M and readiness
through innovative program structuring and applications of new
and advancing technology., Volume I summarizes the total study

activity. Volume II integrates analysis relative to Volume IIT,

program structuring aspects, and Volume IV, new and advancing

technology aspects.

The objective of this study as defined by the task order

"is:

"Identify and provide support for high payoff actions
which the DoD can take to improve the military system
design, development and support process so as to pro-
vide quantum improvement in R&M and readiness through
innovative uses of advancing technology and program
structure."

% 0.4 The scope of this study as defined by the task order is:

To (1) identify high-payoff areas where the DoD could
improve current system design, development program
structure and system support policies, with the objec-
tive of enhancing peacetime availability of major
weapons systems and the potential to make a rapid
transition to high wartime activity rates, to sustain
such rates and to do so with the most economical use
of scarce resources possible, (2) assess the impact of

"N' advancing technology on the recommended approaches
and guidelines, and (3) evaluate the potential and
recommend strategies that might result in quantum in-
creases in R&M or readiness through innovative uses
of advancing technology.

"P-i

• ., w ", .' - " ."","., " ' ",.",, " ,•' " ."",- '-""' " " -- " '." " ",, ,• - . . .. :-.".':."" • .'.'.-'--''<" " .'W , ' " "•.v ." .."'



The approach taken for the study was focused on producing

meaningful implomcntable recommendations substantiated by quan-

titative data with implementation plans and vehicles to be pro-

vided where practical. To accomplish this, emphasis was placed

upon the elucidation and integration of the expert knowledge

and experience of engineers, developers, managers, testers and

users involved with the complete acquisition cycle of weapons

systems programs as we.ll as upon supporting analysis. A search

was conducted through major industrial companies, a director

was selected and the following general plan was adopted.

General Study Plan
Vol. III e Select, analyze and review existing

successful program

Vol. IV e Analyze and review related new and
advanced technology

Vol. 11 (e Analyze and integrate review results
(e Develop, coordinate and refine new concepts

Vol. I e Present new concepts to DoD with implementa- ? >
tion plan and recommendations for application.

The approach to implementing the plan was based on an

executive council core group for organization, analysis, inte-

gration and continuity; making extensive use of working groups,

heavy military and industry involvement and participation, and

coordination and refinement through joint industry/service

analysis and review. Overall study organization is shown in

Fig. P-1.

The basic technology study approach was to build a founda-

technology available today which might be applied more broadly;

technology which requires demonstration to finalize and reduce

risk; and technology which requires action today to providereli-

able and maintainable systems in the future. Program structur- '.

ing implications were also considered. Tools used to accomplish

P-2
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FIGURE P-I. Study Organization

this were existing documents, reports and study efforts such as

the Militarily Critical Technologies List. To accomplish the
technology studies, sixteen working groups were formed and the
organization shown in Fig. P-2 was established.

This document records the activities and findings of the

Technology Working Group for the specific technology as indi-

cated in Fig. P-2. The views expressed within this document
are those of the working group only. Publication of this docu-

ment does not indicate endorsement by IDA, its staff, or its
sponsoring agencies.:.,-

Without the detailed efforts, energies, patience and

candidness of those intimately involved in the technologies
studied, this technology study effort would not have been

possible within the time and resources available.
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DMINITION Or Y4000TCS

The American Nlational Ctandards Institute (AN4SI) definition of

industrial automation is probably the beat existing definition

of robotics (except for this report's Introduction and Summary)s

Olnduatrial automation enoompasse* the application of

multiple technologies in a coordinated programmable

systems approach to the complete manufacturing

process. These technologies include# but are not

limited to, information systems, equipment, and

telecommunications."

Add to this definition the concept of automation applied to

maintenance as well, and change the term automation to systems

of manufacture (and maintenance) or robotics and we have the

working definition we need for this report.

*q_.
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"Goall To itentify ways in which robotics can be appi!ed to

bring major improvements to reliability and

maintainability (R&M) and readiness%

800901 Dealing with the multidisciplinary nature of robotics

technology, this effort focuses on existing

applications of robotics in industry an well an

emerging applications that have immediate and

important implications for DoD R&M and readiness.

Primary emphasis is given to robotics implementations

involvingt

"o Sensor technology

"o Computers
"o Electronics

0 Mechanical engineering
"o Other physical sciences

"o Energy

"o Communications

Issues: 1. Robotics in service and maintenance

2. Robotics small lot production

3. Universal robotics language (software)

4. Robotic diagnostic systems

ii-1 1
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INTRODUCTMON AND SUMW•Y

The potential impact to the Department of Defense (DoD) of

robotics or the technologies of automation is best understood

when considered not in its nuts and bolts, but as an overall way

of doing buniness.

We have known and practiced for some time the theories of

cybernetics and information feedback loops. Robotics is the

implementation of those principles in close-knit physical

systems, be they in an automated facility that manufactures an

aircraft or in an automated depot that inspects and repairs the

aircraft or in thrAaircraft itself. In each of these instances
-- manufacture, maintenance, and the system (aircraft) itself --

information about the environment is (1) gathered with sensors,
(2) processed with computers through algorithms or against data
bases, theti (3) translated into action, whether it is
mechanical, chemical, radio magnetic actions or whatever.

These closely fused systems of technology, known variously as
control systems, robots, flexible manufacturing systems, work
cells or intelligent task automation, are all diverse
implementations of the same family of disciplines that we call
robotics and that are essentially the basis of all modern -
systems that incorporate information feedback in their
operation. The technologies of robotics include but are not
limited to:

Electronics
Computers
Communications
Artificial Intelligence
Mechanical Engineering
Physics

iv- 1



Other Physical Sciences

Energy

Systems Analysis

The nature of this particular study has been to determine how

robotics can contribute to quantum improvements in the

reliability and maintainability of DOD equipment.

The answers to this question are no less far reaching than the

foregoing definition of robotics itself. once reliability and

maintainability of an end system has been thoroughly considered

and treated in feasibility and designi, robotics can then be

employed in the timely, economic, and effective implementation

(manufacture) of the design.

Perhaps more important, it has been suggested that, of all of
DOD's equipment planned to be in use in the year 2000,, 60
percent of that equipment is already in existe nce today.

Therefore, the operational readiness of our inventory in the

year 2000 will still be greatly dependent on the effectiveness

of our maintenance systems. Robotics in maintenance is

essentially a wholly untapped and strategic consideration for

operational readiness in the coming years.

To develop the potential that robotics has for reliability and
maintainability, DOD must take the following three major steps:

1. Further evolve the existing modernization programs

procurement guidelines and procedures designed to

apply the full weight of DOD's procurement budget
toward the development of robotic technologies as a

major underpinning of equipment reliability and

maintainability.

iv-2
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2. Train targeted managers and professionals throughout

the military services in the evaluation and
specification of robotic or automated systems.

3. Mature the technology of robotics (off-line) with a

program of mission-oriented robotics projects focused
on reliability and maintainability, and ranging from
small lot manufacture to automated maintenance

facilities.

This report explores the current state of robotics in both the

commercial and defense sectors, and attempts to focus on the
more dramatic implications of robotics on the operational
readiness for DoD.

717
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A, 133 ýAL Q35TXIM3 AND 8COPM

A general sense among many within the Office of the

Secretary of Defense (OSD) and the Department of Defense

(DoD) is that our defense systems cost too much and take too
long to develop, don't work when we get them, and are

expensive to maintain. Of course, this is grossly

over-simplified and maligns many a good and successful

project, past and present.

Nevetherless, these descriptors fit too many procurements

that can be cited.

Two major efforts are currently underway within OSD to

provide direction in correcting these circumstances.

1. The Defense Science Board Task Force on Reducing Risk

During Transition From Development to Production,

chaired by Willis J. Willoughby, Jr. This effort has
focused on engineering principles that must be
incorporated into the project management of all
procurements, from development through production, and
holds the promise of significantly reducing the risk of
over-schedule, over-budget and under-engineered
projects.

2. The technology study entitled Sustaining Performance
Through Technology, conducted by the Institute for

¶ Defense Analysis (IDA) and more particularly, the

Technology Steering Group (TSG), chaired by Dr. Hyland
Lyons of Texas Instruments. The TSG has focused on the

technology causes and contributions to reliability and
maintainability (R&M) and is resulting in a series of
recommendations for demonstration projects and

-• technology maturation programs that can significantly
improve the reliability and maintainability of DoD
equipment. 1"
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Integrated systems of manufacturing or# for short, robotics

is a systems technology that can not only provide more

timely and cost effective manufacturing of DoD equipment,

but can contribute significantly to R&M am this review

describes.

An important finding of this review is that robotics in

maintenance ham am much, if not more, to contribute to R&M

as does robotics in manufacturing. The prospect in

maintenance is that dramatic improvements in cost and

performance can be achieved through the following three

steps.

1. Computer-aided maintenance systems, as a prerequisite

for integrating automation into maincenance routines,

will reap schedule and cost economies in and of

themselves.

2. Then, man-in-the-loop maintenance systems will

incorporate the best of what machines (and computers)

can do today with the critical skills of trained
personnel as the glue that holds these systems
together.

3. Finally, enough will be learned in this evolutionary
process to forge fully automated systems, in time, that
will incorporate the know-how and experience of our

most skilled personnel, who in turn will be employed
(in fewer numbers per task, but over more tasks) to

continually monitor and improve the systems.

Small lot manufacture can and will certainly follow the same
evolutionary path.

1-2;



Requiring our major contractors to deliver fully developed
and tested computer-aided maintenance systems, and then

semi-automated and fully automated maintenance systems with

their products, is certainly an idea whose time will come

very shortly. Such systems will render much more practical

the management of life-cycle costs and life-cycle

reliability and maintainability of equipment, given that

contractors can then be held much more accountable for the

life-cycle performance of their systems.

This study can only hope to raise a number of the issues to

be considered and certain of the directions to travel, in

tapping the potential that robotics holds for reliability

and maintainability. It is hoped that the varied materials

that are included in this document will provide the reader
with sufficient perspective to initiate some efforts and to
pursue the issues further.
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DRSIG6ZI3G CUSOM ROBOTS MR lI-P ID UM UDE

Robert A. Brown

Acushnet Company

New Bedford, Massachusetts

ZNTRODUCTIOI

In 1977, the Acushnet Company decided to make a major commitment
to improved product quality and lower manufacturing costs by

designing new automatic equipment for our Titleist golf ball
plant.

We considered applying conventional machine design approaches

using cams and air cylinders, as well as a robotic approach.
For various reasons, we divided the automation tasks between
conventional and robotic design groups.

Both approaches have been highly successful. The conventional
approach has resulted in the complete automation of the ball
cover and core assembly, automatic buffing of the flash caused
by the cover molding operation, and automatic orientation and

stamping of the name and number on the finished ball.

1-7



The robotic approach was.applied to the tasks of automatically

winding golf balls and then automatically removing freshly

painted golf balls from a moving conveyor following spray paint

operaitons.

I will discuss the paint spray robot application in this paper

as an example of Designing Custom Robot@ for In-Plant Use.

The robotic approach is a method of generating positional

Variety (V) using the minimum number of actuators. Variety is

defined as the number of different things, considered as a

whole, that can happen.

When X a number of distinct stopping positions

of the robot on each axis,

and n * number of axes of the robot,

then V - Xn.

I!
Assuming a resolution of .2% of the range of each axis and a

three-axis robot, then Xw250, n-3 and

V - 5003 - 125,000,000 possible positions.

A conventional machine capable of generating the same variety

using 2 position actuators would require

2 n - 125,000,000

or n- 27 actuators. U

Historically, painted balls were manually unloaded from the

painted ball conveyor onto drying trays and loaded into trucks

for holding in a drying room.

1-8
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It took three operators to unload balls from each spray boothI, conveyor. We had seven booths operating three shifts for a
total of six operators. Out goal was to automnatically load

unpinedballs onto trays# and then use a single operator to
moeloaded trays and trucks from several booths. The balls are

first loaded onto the ball conveyor from a hopper which stores
enough balls for several hours of painting.

The balls are then sprayed at over 100 balls per minute in a
conventional spray booth.

The robot unloader picks and places four ball, into specially
designed trays having a staggered 21 spacing for maximum packing

density. The total cycle time, including returning to the ball
conveyor ready for the next pick, is less than two seconds.

The tray conveyor indexes and foeds trays in conjunction with
the robot. It automatically "downstacks" empty trays at one end
and Oupstacks" the loaded trays at the:::::e otole paint

spray system, including robot, tray conveyor, spray booth, anid
stack vent seniors. The programmable controller inldsthe
five custom fabricated motor drive cards in the control cabinet.

1~, The programmable c.ontroller "supervises" the system operation,
but due to its relatively low operating speed, custom-built,
high-speed controllers were required for each of the stepping
motors.

A ball box representing four golf balls is placed in the
gripper. The rotation, vertical position, and extension for the
12 trajectories are then checked against scribed lines on the
calibration table.

1-9



We attempt to adjust all axes to within +.010t, which 1i

equivalent to + one pulse of the stepping motor. However, this

is not always possible die to flcx within the robot. Th!.v is an

inherent problem with all robot systems. If you try to

establish its position when the robot is wound up either through

leceleration or vibration, the gripper will be in a slightly

different position when it is at rest. This problem can be

dealt with in our system by tailoring the trajectories to

minimize acceleration and jerk during critical robot homing

periods in the program.

These robots, like all machines, occasionally experience

malfunctions. These incidents can be classified in terms of

"crashes" or "crunches." Pushing the reset button gets you out

of a crash as it doez with most computer crashes. In a crunch,

aomething gets bent or broken. These can be avoided by laying

out the work space whenever possible so as to tolerate the

"loss" of an axis. The motors, gearing, and shafting should be

sized so that the motors simply stall if something Jams. Step

motors are excellent for this purpose.

It sometimes helps to make the system flexible so that it will

alsc bend over obstacles. Sometimes these overload precautions

stll due to a momentary peak force due to vibration or backlash.

Also, a limber system will have larger, lower frequency
oscillations at the end effector. However, some unnecessary

shutdowns and more time for homing may be less costly than one

big crunch.

Whenever there is a system failure, the question arises: "is it
a mechanical, electrical, or computer problem?" This clearly b q

defines the three team members required to get a robot system
going and keep it going. It has been our experience that a very
high level of performance is required in all three disciplines

in order to obtain a robot system upon which the whole
organization can depend.

N.1



RESULTS

One of the qreAtest advantages that came out of the paint spray

automation effort was a large reduction in the number of dropped
wet balls. In spite of the skill and dilgence of the manual
operators, thousands of freshly painted balls were dropped each
week. These have to be stripped and repainted at great expense.
When properly aligned, the robot system does not drop balls.

Pick marks on the balls are practically eliminated due to the
precise pursuit and capture method used by the robot.
Production wasincreased due to ability of the robot system to
operate through lunch and coffee breaks. The payback was less
than one year based upon direct charges made for machine
fabrication and installation.

The automatic painting system operates approximately 23 hours a
day, five to six days a week. The first system has been
operating for two years. Two other systems are in operation and
four more are being fabricated at this time. Once a day, while

the booth is shut down to refill the spray gun and clean the
ball support spindles, parts of the robot are lightly oiled by
the machine operator. Then once a week, the robot is wiped down
and reoiled. Aside from this, our operating uptime has exceeded
97%, and preventative maintenance requirements have been

minimal. We intend to overhaul each robot every year or so to
replace drive belts, spline and high helix drive shafts, and

flex cabling.

CONCLUSION

The most important lesson learned from this effort is the
relation of robot size to performance. We learned from the very
beginning that we could not obtain rapid cycle times if we

reached too far or made the robot tno big.
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The following formula shows the relation of the power required

to rotate a solid round arm of length L through an angle 6 in

time t having a density D with a modulus of elaaticity of E, and

a flex deflection of dmax.

P 4 4'fl 0 D2 .2

3 E dmax t 3

:5
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CASE B-2

CLuANInG Bsal¶sR InTAKE PIPES

Seawater is an effective coolinq medium for Japan's 130 power

generation plants. One problem, however, is that algae and
shellfish like barnacles and oysters grow on the walls of the
plants' cooling water intake pipes. The marine life hinders
water flow. And, when the organisms come off the walls, they

can enter condensers, causipj blockage and corrosion.

To help reduce the severity of the problem, Japanese power

companies regularly hire divers to clean the pipes, or the pipes
are cleaned after the water is drained from them. "Cleaning
typically takes about a month and costs tens of millions of

yen," according to Mitsubishi Heavy Industries Ltd., Tokyo.

A 90% reduction in both pipe cleaning time and cost is now said

to be pobsible thanks to the development by Mitsubishi and Tokyo
"Electric Power Co. of a remote controlled underwater robot
capable of scraping marine life off open and closed pipes

without suspending water intake.

The robot consists of a glass fiber reinforced plastic body
eqipped with impellers, brushes, wheels, and a television

S~camera; a diesel engine/hydraulic pump power system; hydraulic

hose takeup equipment; and controls for remote operation.

The robot pushes its wheels rgainst the pipe wall, cleaning it
with water jets from the two impellers and the rotating brushes.
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A single, above-water operator monitors a TV screen and

manipulates levers to move the robot and control impeller and

brush rotation.

1L
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CASE B-3

INSPECT IO( OF FORGING( AND CASTINGS

Phillippe Villers
Automatix, Inc.

Billerica, Massachusetts

ABSTRACT

K The last 12 months L,"ve seen a rapid growth in the range,
variety, and number of artificial vision applications in factory
use. This rapid expansion is the result of the rapid increase
in versatility and capability of relatively low-cost, artificial

vision systems. These have been used increasingly as eyes for
the robots in assembly and arc welding, as well as on-kline
vision inspection during production processes and off-line
inspection of finished products. This paper discusses the new
Autovision 4 as an example of such modern artificial vision

system and its application across a broad spectrum of industrial
applications selected from the automotive, electronics, and
computer industries, and discusses future areas of gr-wth.

The factory-hardened unit is packaged in a sealed cabinet to
protect it from harsh industrial environments including fumes,
corrosive atmospheres, and metallic dust as well as electronic

noise.
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Control inputs and outputs are through opto isolators. As
compared to the second generation, Autovision II, the processing

speed has been increased by a factor of two to five times.

The Autovision 4 reprocessing and vision processing capability
are also available in an integrated configuration with a robot
controller, the A1324(tm) controller for robot guidance
applications and visual inspection or servoing. Whereas the
second generation Autovision II is limited to eight cameras, the
Autovision 4 can support sixteen cameras. This can result in
very low cost per station for applciaitons requirinq visual
inspection at moderate speed. Tho cost per station when using
multiple cameras can be as low as $3,000 to $5,500 depending on
the camera used and therefore, are down to a small fraction of
the annual cost of a single human inspector.

Artificial Vision applications are highly diversified and so
ease of adapting artificial vision systems to many different
applications is crucial. In the case of the Autovision 4 three
levels of user programming are possible: 1. Application
programming using the RAIL language at the Autovision 4, or
remotely through off-line programming in this mode. A
manufacturing engineer, who need not be a software engineer, can
write programs for stand-alone operation or to be used in a
menu-driven dialogue manner for use by the machine operator. 2.
PASCAl language programming to provide analytical capabilities
not currently available in the RAIL user language. 3.
Specialized data pre-processing algorithms or techniques for
novel applications, data formats, etc., which can be written in
assembly language.
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3.WIFZCIAL VIS ION INSPECTION APPLICRTIOMB,

The range of visual inspection applications has greatly

increased as a result of recent advances in technology. One

current use of the technology is for inspecting simple parts at

high speed of up to 2,200 holes per minute. This inspection of

a 90 hole automotive stamping is in production use at a major

automobile manufacturer. The inspecting system shuts down the

stamping line system if any of the holes deemed critical are

either missing or incorrect.

Representatives of more sophisticated applications can be

demonstrated with a typical process control, in which an '

instrument cluster under test can be inspected at high

spped to determine the correctness of both analog outputs

(dials) and digital outputs, such as segments of a liquid

crystal display and indicator lamps.

A similar application is an experimental application foi: a watch

N manufacturer who plans to use the vision system to command a

1-1 special purpore fixture that on command depresses the proper

watch bMuttons to set the correct time on newly manufactured

digital watches. In this use, the artificial vision system

observes the display, compares the results with its own real

time clock, and signals the system when to stop cycling. The

system will also verify the quality of the display during

cycling.

Another system using artificial vision inspects gaps both

between car doors and car bodies and car hoods and car bodies on
anautomotive assembly line. The artificial vision system takes

anlrg number of three dimensional readings, typically 80 in 35

seconds, and then does a statistical analysis on the readings

and communicates the informat-ion to earlier stations on the

assembly line. if the process is drifting out of tolerance, it
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can be corrected before it realts in faulty final assembly, in
which the car-door-to-car-body gap is either too tight or too
loose.

An example of an entirely different class of application is the
use for rapid non-destructive testing for flaws in castings or
forgings. This involves combining an artificial vision system
with a classical magnetic dye penetrant and ultraviolet
illumination technique. The forged automotive part is
magnetized, immersed in the dye, and then placed under
ultraviolet illumination and inspected by the Autovision system
to find dye that has seeped into cracks. The high speed system
can simultaneously inspect both sides of this forging at the
rate of 60 per minute.

In the case of inspection -- where the average rate of defective

parts is already below one in a hundred, and even more when it
is below 1 in 1000 -- Artificial Vision becomes far more

effective an the human inspector who must deal with the
monotony '. 'lem of 999 cries of *wolf" followed by a single

defect, a . dition in which human performance is particularly
poor.

On hundred percent inspection of simple parts to replace the
implicit inspection by the human operator no longer present in
robotic or other automated assembly tasks is another growing
area. A Cybervision(R) III system supports a sophisticated
application of a robotic assembly system for the batch insertion
of keytops in keyboards. Tn this system, keytops are inserted

-- using a series of vibratory bowl feeders -- in long tubes
after being automatically inspected by the vision system which
also 100% verifies the quality of the keytop labels. The second
or Robotic Assembly station, can then proceed to insert the keys .9

"knowing" that 100% good parts have been provided and that
poorly labeled or wrongly labeled keys have been discarded.

1-18
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An interesting and colorful application combining two classes of

requirements is an experimental application to properly affix
labels on champagne bottles. In this application, the customer
wishes to ensure the alignment of the various labels on the
champagne bottle and at the same time wishes to ensure that the
bottle is filled to an exact fill level.

Another production line application, this time involving color
discrimination using gray tones, comes from the pharmaceutical
industry. A manufacturer of birth control pills wishes to
ensure that each compartment of a transparent plastic package
contains a pill and, further, that the pill in each compartment
is of the correct type as determined by its color.

With the use of multiple cameras on a single artificial vision
system, the cost per station often makes possible the combining
of several inspection operations on an economical basis.

ROBOT POSITION CONTROL

The Autovision 4 system is now being used in an increasingly
broad range of visual servoing applications with the camera
located either in the hand of the robot or at a fixed location.
These applications occur particularly in connection with robot'
arc welding. In those cases where full-visual servoing is not I ik

necessary--that is, where the problem is only lack of
repeatability of the exact location of the part to be arc •.

welded--the function of the Artificial Vision system is to
determine, in three dimensions, the location and orientation of
the part and to provide that information to the robot
controller. Thus, a coordinate conversion is applied to ensurd

that the preprogrammed welding path is correctly executed on the
shifted part. This technique, known as Vision Offset, permits
welding of a less than ideally fixtured part or even, if
desired, unfixtured parts.

I- 19
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A conventional assembly application, demonstrated at Robots VI

in 1982, shows the assembly of a amall pulse transformer where

the part-to-part variations are too great to permit successful

assembly without individual correction for each part. In these

kinds of applications, the vision system is also frequently used

to verify the correctness of the part as well as its position

and that of its mating surfaces.

In small-part electronic applications, the same combination of

visual inspection and determination of exact location - in this

case pin location - is sometimes required to ensure successful

insertion. The verification of relay cans to ensure that the

correct part is being inserted, that it is not rotated 1800 and,

if necessary, to allow an offset to ensure that the pins, as

observed by the camera, can be correctly inserted into the

r.inted circuit board. *1,
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CASI 9-4

U.S. IM1DUSTiY MBID IN RO!IC ULDIG 51=iOLOG

Robert D. Sigman

PROG32RMD ROBOTIC IKILDIEG GMOWNE

The United States welding robot installations currently number

about 2300 units, 2000 spotwelding robots and 300 arc welding

robots. The growth projections for the year 1990 are for 22,000

units, 12,000 spot welding robots and 10,000 arc welding robots.

The current recession has severly impacted robot growth, down

15% from the 1981 levels, largely due to the reduced automotive

industry purchases.

The robot growth rate in the U.S. between 1985 and 1990 for arc

welding robots will be 57%. As the automotive industry
saturates spot welding applications, sales will slow i•

significantly in favor of arc welding robots. The "nit growth
of spot welding robots should remain stable at a 20 to 23% rate
through the 1980s. The market demand in arc welding robots will -

stimulate welding sensor technology development. 'V
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The projected increase in the use of robots for welding will

demand that U.S. welding technology advance to support this

growth, the welding processes, materials and consumables must

improve with the advancing robot capabilities to get maximum

productivity gains.

ABC 3LDIMUG

Arc welding robots represent a new dimension in welding. They

provide programmable automatic welding and are fast becoming a
strong influence in a field that to date is largely manual and,
in some cases, semi-automatic or mechanized. Robotic systems

offer increased productivity, product quality, safety and

economic return, and have proven track records in many

applications. They will have a significant impact on welding

operations in the coming years.

A robotic arc welding system consists of a multitude of

integrated components, specified, selected and designed to

accommodate particular applications, while retaining

flexibility. This paper addresses the hardware and software

ingredients of a robotic system, and considerations for eitherE purchasing a turn-key system or pursuing internal design and
development, and the definition of responsibilities between the

user and robot supplier.

Robots are classified as flexible automation and are effectively

used in dynamic situations where parts are varied. They are

also used whera production levels are lower than the volume
required to justify hard automation.

With a robot, an arc welding work cell may be multipurposed and

able to service many formal part design changes may simply be
made be reprogramming the robot, as opposed to extensive
equipment modifications.
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The integration of a robotic arc welding system into a

manufacturing operation may assume many forms. In the simplest

arrangement, the operator works in parallel with the robot. The

load and unload activity occurs while the robot is welding at

another station, resulting in production improvement.

Additional efficiencies can be realised by slaving automated

auxiliary devices such as positioners and material handlers to

the robot, with all elements performing a coordinated sequence

of events. In the ultimate scheme, the robot is a member of a

flexible manufacturing system where all production activities,

welding units, positioners, material handling, etc. are

controlled by a host computer that maintains material flow, load

balance, inspection and system diagnostics.

System Planning

The most crucial effort in robotic system implementation is the

initial planning. Many associated factors must be analyzed

before the system concept can be defined. This important

activity can help to assure equipment and process compatibility

and ultimate success. The key areas to be analyzed are parts

selection and processing; robot selection, welding equipment

selectionv auxiliary equipment selection; facility requirements,

operations activities and human factors.

Parts Selection and Processing

The component~s to be welded in the robotic work cell should be

thoroughly evaluated in the following manner. The parts must be
compatible with the robotic system equipment. The high robot

duty cycle requires an evaluation of heat inputs and associated

patt distortions. Components should be selected such that

1- 23
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manual secondary operations are minimized and only used to

supplement the robotic welding activity in areas with limited

torch access.

Components should be examined with regard to the part

repeatabilities and the quality of the weld joints. Components

should be examined with fixture concepts in mind such that

fixture components do not limit robot torch accessibility. It

may be desirable to perform most welds in the flat position and

the parts should be evaulated accordingly. Minimize robot arm

articulation that may cause a change in wire cast and result in

the welding arc wandering out of the weld joint. A simplified

method of group technology may be applied where large numbers of

different components are to be handled so fixtires can become

multi-purposed. A simplified form of vaiue engineering may be

applied to identify part design changes that could offer

improvements in robotic welding, as well as reduce material and

processing costs.

Robot Selection

Industrial welding robots are available with numerous work zone

configurations, axes, features, options, repeatabilities,

velocities, interface capabilities, and intelligence levels.

The robot shall be selected to satisfy the intended application

as well as provide additional capability for production
modification nnd changes. There are several primary robot
characteristics that play an important role in the actual
welding and in the system integration.

Robot Work 7one. It is obvious that the robot work zone and
* number of axes must be matched to the part sizes and shapes. A

fact that is not readily apparent is that the articulations of
the arm and wrist required to maintain torch position often

substantially reduce available robot travels within the work

1-24
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zone below the manufacturer-Is specification.. Difficulties of

this nature can be avoided through CaD/CAM simulation or by
verifying the specified articulations by mocking up the robot

and test specimens L~efore installation.

The robot work %one should be evaluated in terms of supporting
multiple operating stations. In this manner, the work cell
efficiency increases significantly since part unloading and
loading may be parallel with robot welding. The techniques that

can be used are:

The work station is rotated or translated into the

robot work zone; and/or

The selected robot is capable of physically reaching

ii. multiple fixed stations.
Robot Velocities. The robot must be capable of moving at

variable velocities as required by the welding process and to
proceed aionr, the programmed weld path in a consistent manner.

The robot should also have the ability to delay at the start of
the weld until the puddle is established and to delay at the
completion of the weld after motion stops.

Robot Repeatabilities. Robot repeatability must be
evaluated against weld size, expected quality level, part

fit-up, and location tolerances. It is important to note that
larger weld sizes are more forgiving and that small welds
require better robot and part repeatability.

Robot Search Tracking of the Weld Joint. To reduce the part

robot with the ability to search for the weld joint before

welding and to track the weld joint with a real time arc sensor.
These robots can search either side of the seam and correct the,
program for the start of the weld location.
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During the welding cycle# real-time arc sensing allows the

welding arc to follow the weld joint movement. This corrected

paf.h can be stored for recall and may be offset a predetermined

amount from the path of the original tracked pass if a multiple

pass weld is required.

Weld Parameter Control. The robot control should have the

capability to allow weld parameters to be set for each weld and

if necessary to be varied Zrom joint-to-joint as they have been

pre-programmed. There are two ways in which this is normally

accomplished;

A multi-schedule power supply unit activated by an output signal

from the robot can be used. The robot output signal is matched

with the power supply, and recalled at the specific programmed

point. This scheme permits fine tuning of the weld parameters

using potentiometers during the weld cycle; however, the

voltages and wire feeds must be manually set and are not part of

the stored robot program.

Power supply voltages and wire filter metal speeds can be

controlled by robot programmed entries. in this case, a special

interface unit normally is required so that the robot can

properly communicate with the power supply to produce the proper

parameters.

Robot Interface Capabilities. The robot should be equipped

with sufficient input and output capabilities to handle the

system requirements. Examples of important robot I/0 for a

welding system follows:

1-26
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Robot Inputs

"o External part program selection

"o Part present at work station "signals"

"o Arc established "signals" before motion starts

"o Safety sensors indicated unauthorized personnel in work

zone to inhibit motion

"o Fixture clamped or unclamped "signals"

"o Indexing device or material handler, "in position

signals"
"o Weld schedule selection
"o Weld start and stop
"o Preweld and postweld purge
"o Index commands to positioners or material handlers.
"o Commands to fixture clamping or unclamping devices

Robot Memory and Available Programs. Robot systems that

must handle complicated welds or a large variation of parts
should be examined for appropriate memory size and number of

available programs. Robot manufacturers offer several
techniques of artificially expanding a robot memory capability:
disc storage or other mass memory techniques; cassette data

tapes; and download capabilities from a host computer such as
DNC or other equivalent devices.

The most efficient method is dictated by the frequency of change
required for a particular application and the size of the
resident robot memory.

Robot Program Selection. Systems that randomly handle a
larle variation of parts should be equipped with the ability to
externally select the proper work routine. Several techniques
which may be used are operator panel push button, card reader or

bar-code reader input, download capabilities from host computers
and other sensory inputs that define the past.

1-27
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Weave Capabilities. Welding robots may be required to
perfom and weave patterns particularly in "out of position'
large and multipass welds, and in arc tracking conditions.
Weave patterns can be variable, programmable, and have the

following characteristics: number of cycles per inch or pattern

definition; amplitude of ascillationj dwell period at right of

oscillation; dwell period at left of oscillation.

Special Features. Robot manufacturers have recognized
special needs for arc welding automation and the following items

are currently available:

"o Adaptive control for tracking the seam with the arc or
in the presence of the arc.

"o Techniques to locate the start of the joint.

"o Memorizing of the tracked fitst pass for subsequent
multiple passes.

"o Digitizing or examining the seam before welding and
providing the necessary corrections during the weld c
cycle. !

"o Protection of electronic equipment from RF noise

associated with high frequency GTAW starts.

T of f-line programming capabilities.

The use of these items is dependent upon particular application •-

requirements and should be discussed in detail with the robot

manufactureI
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welding 3quiPimnt

Arc welding eq'aipment used in robotic systems is generally the
conventional type of machine that has been purchased with
several added and unique features. Some important aspects of
robotic welding equipment follow:

o Multi-schedule or robot control interface capabilities.

o High duty cycle characteristics that correspond to the

high robot level of arc-time for torch and power supply.

o Breakaway torch mounts which preclude damage in a

collision or electrode or filler metal sticking
situation.

o Larger wire filler metal spools that may be floor
mounted as opposed to the smaller arm mounted spools

that require more frequent change.

0 Automatic burn-back control.

oSimulation capabilities that permit the system to be

checked out without initiating an arc.

oCprocessy changes partil to s part. a hewldn
Cpabiltys t uhgse multti plgasr itretste.edn

o Wire filler metal drive system that contains a wire

straightening mechanism.
ý51

o Frequency modulated "pulse GMAO power source to reduce I

weld spatter and afford out of position welding -lead

photograph.
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Auxiliary Xquipment

rho auxiliary equipment used in a robotic work cell may be a

number of various-components designed for the application and

the desired level of automation. Normally, the auxiliary
devices are controlled by the robot so that all functions are

coordinated. Examples of auxiliary devices are welding
positioners, rotary tables, and head stock devices; nozzle

cleaning stations and anti-spatter applicatorst material
handlers such as conveyors and pallet movers; remote opirator
pendant control consoles; and automatic fixturing.

Facility Requirements

Plant site selection for a robotic installation requires the

following considerations:

"o Floor loading, power, space and utility requirements, as

defined by the robot manufacturer, must be analyzed.

" The activities or other equipment in the adjacent shop
.areas must be considered and their impact recognized,
such as GTA welding and potential effects upon the robot
electronics.

"o The robot should be placed in an area conducive to
proper shop product flow.

o Consideration must be given to the material handling of

raw parts into the robotic cell and finished components
out of the cell, in addition to the necessary queuing

areas.

1-,30
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o Future robotic or automated activities and planned shop
rearrangement should be considered in the site
select~ion.

Operation Activity

At the time when the robotic system is installed in a plant,

there are numerous activities that should be consideredt

"o Extensive operator training with backup personnel.

"o Extensive maintenance training in both the mechanical

and electrical aspects of the system.

"o Safety training.

"o Complete spare parts inventory for the robot, welding

equipment and auxiliary devices.

"o Complete inventory of welding perishables.

"o Modified scheduling techniques that effectively use

robot work cell and minimize fixture changeovers.

troubleshooting techniques.

" Welding processes should be evaluated so that the
welding parameters can be defined and altered in the

robot system to improve arc time.
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Romann Factors

TPhe degree of success In any robotic installation is strongly
dependent upon the amount of attention and planning directed
toward the human factors. Much investigation has been done in

this areat and summaries of several important aspects follow.

System~sSafety. The robotic work cell should be designed
for maximum safety of the operators and other personnel. This

includes both direct and indirect methods such as proper
operator training and a thorough knowledge of the equipment;
ongoing safety training programs.

Indoctrination. Operator acceptance is expected to be
significantly greater if shop personnel are exposed to the

details of the planned robotic system before installation.

Operator Involvement. Shop operations personnel should be

consulted for technical details during all phases of a robotic
installation. This approach will produce valuable technical

assistance and can prot.._;e an attitude of involvement that may

be crucial for success.

User/Supplier Responsibilities

Previous sections of this paper were directed toward developing
a basic description of a robotic arc welding cell. At this

point, the potential .m,-, .:.ve a brief understanding of the
necessary ingredients which are characteristic of such a system.

However, the potential user may not be fully aware of the levels
of effort required, nor the div'ision of responsibility between

teuser' eff orot isndredce I: s..cra mnimu lo evonel the tth

purchase of a so called "turn-key system" does not imply that
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implementation of a robotics cell requires a thorough

understanding of plant operations, which normally resides solely
with the user.
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CASE C-i

NAVY ROBOTIC VDEVMR

In the near future, the use of robots in DoD systems
manufacturing will increase in parallel with industry.
Maintenance and repair departments at intermediate- and
depot-level activities will begin to use robots as the
technology matures to the point where robots can deal with the
complications and variations associated with such work. An
example is the Navy Robotic Deriveter, which entered a two-year
development program beginning in fiscal year 1981. Deriveting
is necessary because salt water causes corrosion damage to
airframes, which must then be dismantled for repair. That
time-consuming, tedious, repetitive task will be done by a robot
using an ultrasonic sensor and commonsense artificial
intelligence to *learn" the rivet pattern, rapidly inspect the
airframe structure around each rivet, and remove the rivets.
The system will be able to handle sevaral sizes of rivets in a
variety of patterns on many different aircraft types.

AL
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It 1i totally beyond the scope of this study to provide a

defintive and quantitive review of robotics in these

sectors. However, the following comments an well as a
number of the appendicies may prove helpful in providing
more insight into the commercial and defense applications of

robotics.

The charts on the following two pages characterise certain
of the uses of robotics in the commercial and defense

sectors,
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SECTION II.

SELECTED ROBOTICS ACTIVITIES
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A. INTRLLIZGNT-TASK AUTOMATION PRMECT

The Materials Laboratory at Wright-Patterson Air Force Base
and the Defense Advanced Research Projects Agency (DARPA)
have jointly awarded a $3.35 million contract for real-time
touch and vision sensors, micromanipulators, and controls
for robots and manufacturing automation systems. The
project leader, Honeywell, is responsible for the sensors,
controls, system integration, and computer hardware and
software development.

The other three team members and their general
responsibilities are: Stanford University--basic robotics
research and artificial intelligence; SRI

International--applied robotics research; and
Unimation--robot development and manufacture. The
Electronics and Materials Lab of the Air Force Office of

Scientific Research is also involved in the project,
although not in its funding.

Honeywell and SRI are particularly concerned with the
integration of eye-hand coordination and are developing 3-D

vision systems that are fast enough for their needs. They
are currently planning to use three cameras: two 2 1/2-D
low-resolution cameras--one positioned on the wrist to look

through the hand and another to be positioned at a
different angle for verification; and a 3-D high-resolution

m0 camera to oversee the entire operation. (2 1/2-D involves
planar imaging plus "sparse ranging"--the depth notation of
selected points.)

The Honeywell group plans to use L multi-bus distributed
processor, but a supplier has not been chosen. The robot
now being adapted is a Unimation PUMA 560, operating under
the newly developed VAL-II language. It should be noted
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that the final configuration of the vision and handling

system is not yet established.

The $3.35 million is only for Phase One of the contract,
which ends in December 1984. At that time, the sensing

subsystems are to be demonstrated, and the contract is to

be reviewed. Phase Two should culminate in the automated

assembly of a microswitch from a tray of 12 randomly

oriented parts. (Selection from a bin, involving more

complex spatial adjustments, will come later.) Future
military appilications may involve ,surrogate soldiers," for

repairing equipment or rescuing human-soldiers under fire.

The Materials Lab and DARPA have also authorized $3.25

million (since raised to $4.8 million) for development of

"two coordinated robotic arms for assembly and inspection."

The prime contractor is Martin-Marietta, and the team also

consists of Virginia Polytechnic Institute of Michigan.
Phase One of this contract will end in 1985.

*= !

11-2

% :z___• '.'". -•'' ' -'-, .... . - ,. -- - .- .... .. .... . . . . . .- " - -.. .. . ..



B. IRPESUM TATIVI FOCUS ON RCOTIC APPLICATIONS

FOR T=B U.S. HAVY

0o Primary Areas Affected by Robotics (Via. R&M and

Readiness for the Navy):

- Development: Not direct impact (indirectly, robotics
technology must be reflected in system designs).

- Production: Improve reliability due to greater
control over manufacturing processes afforded by
robotics (major impact of robotics on industrial base

readiness, as opposed to operational readinesa, is
beyond scope of studyl.

- Operation: Major impact on manpower as robotics is
used for wide variety of tasks ranging from supply
loading and refueling to mine field detonation--which
translates directly into improved readiness and lower
life cycle cost.

- Maintenance: Major impact of a wide range of
maintenance activities, from routine cleaning to

rebuild operations and emergency repairs.

z
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BACKGROUND

The Navy is currently reviewing its options in planning for
naval requirements in the 19908. Strategic decisions regarding
new shipbuilding and modernization of existing ships are of
critical importance today. The total number of ships in the
U.S. Navy declined from over 1,000 in the late 1960s to slightly
under 550 at present. Naval ship production in recent years has
been at a considerably lower volume than it was during the
1960s. By the 1.990s, many ships built during the higher
production period of the 1960s will reach 30 years of age and
likely be retired. In order to maintain an adequate level of
naval forces through the remainder of this century, programs for
modernization of existing ships will be required in addition to
increased levels of new ship authorization.

Ship modernization is a means of achieving qualitative
superiority at sea even though the number of ships may be at
minimum acceptable levels. Although a ship's hull may last for

30 years, a combat system may become technologically obsolete in
10 years. By retrofitting state-of-the-art weapons systems onto
existing ships, overall navy quality can be upgraded at

considerably lower cost than through the construction of new
ships.

The effect of a modernization program is to improve thie overall
capability of a ship (engagement range and firepower). At the
same time, life cycle costs are lowered through more i.•fficient
usage of each ship. At a time when total operating costs over
the life of a ship oan be as high as the initial procurement

cost, the Navy is concerned about determining ways to reduce
life cycle costs.

An important component of total ship cost is the cost of
staffing. The size of a typical surface combatant is determined
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by the amount of armament and the crew sixe required to operate

the ship. As larger accommodations are required, the
construction cost of the ship increases. Therefore, any
opportunity for reduction in crew size will have an impact on

ship procurement cost as veil as operating costs over the long

term.

A reduction in staffing is desirable for other: reasons. The

Navy, like other U.S. military services, is experiencing serious
combat readiness problems resulting from an inadequate number of
experienced enlisted personnel. in addition to the problems

affecting all military services, such as the pitrceived low level
of military compensation, the Navy must deal w,,'th the morale
problems resulting from long tours of duty at acea.

Many Naval personnel, faced with several months of separation
from their families, are reluctant to reenlist, and as a result,

the naval reenlistment rate has been lower than that of the
combined services. Because of the relatively low retention rate

of experienced Naval personnel, Naval forces ar,!- considered to
be at only marginal combat readiness. Overall staffing is at
90% of the desired strength and staffing for supervisory
noncommissioned offiers is only at 83% of authorized strength.

In developing strategies for the 1990s, the Navy is thus
attempting to address three basic issues:

0 Need for programs to reduce life cycle -costs of ships
(both initial and operating costs).

0 Need for improvements in ship capabilities.

o Means of ensuring adequate staffing levels, either
through higher recruitment/retention rates or through
reductions in staffing level requirements.

11-5



In industry, similar issues are being addressed an manufacturing;
firms attempt to improve productivity. One highly promising new
manufacturing technology being successfully employed by many

companies is robotics# which is the use of industrial robots in
manufacturing environments for assembly operations, welding,

machining, painting, transporting, and other applications.

Robots are currently being studied by representatives of many

other types of environments for potential uses, including health

institutions, nuclear plants, mining operations, agriculture,

construction, space, undersea operations, and military services.

The Navy recognizes the potential benefits of robotics and is

interested in determining the feasibility of using robotics in

shipboard applications. To assess this feasibility, two tasks

will need to be accomplished. First, an inventory of all

shipboard labor performed on a representative ship must be

conducted to determine specific activities that could be

performed by robots. Second, a cost-benefit analysis must be
developed to identify all costs associated with the transitionI to robotics (both quantitative and qualitative) and also the
associated benefits to be realized. From this assessment, the

Navy can then determine whether or not to imake changes either in
the design of the ships or in modernization programs.

The DD 963 has been suggested as the representative warship to

be studied. This is the Spruance class destroyere, of which 31

ships are being built. It was designed primarily as an

anti-submarine warfare (ASW) ship, using the SQS-53 sonar and

ASROC sensor-weapon combination. The DD 963 would be employed

as a surface combatant belonging to a major battle group.

Although surface combatants now serve primarily an escort role

for carriers, recent advances in technology (cruise missiles,

ship-based helicopters, new antisubmarine sensors, and new

11-6
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anti-air warfare systems) have considerably improved their

capabilities and may place the surface combatant in an important

position once again.

The DD 963, with a displacement of nearly 8,000 tons and

accommodations for a crew of nearly 300, is a good example of a

surface combatant that may be upgraded in importance. Although

initially criticized for deficiencies in combat capability, it

is being augmented with additional armament to greatly improve

its capabilities.

POTENTIAL ROBOTICS APPLICATIOtS

There are three fundamental tasks that can be performed by

robots at the present time:

"o Displacement--the movement of work pieces or other

items, such as loading or unloading, conveying, and

palletizing.

"o Processing/Fabricating--the processing of an item in

addition to moving it, such as assembly, welding,

painting, or cutting.

"o Inspection/Control--the inspection of an item for

control purposes (dimensional or quality control).

These capabilities appear to have potential shipboard

applications. The most likely areas of robotics applications,

as shown in Exhibit A, would probably be found in the areas of

maintenance, cleaning, and routine repairs. Here the

displacement and processing capabilities of robots could have an

impact on staffing requirements. There may also be applications

in combat situations, such as loading and unloading ammunition -,

or transporting ammunition.

11-7
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In general, although a shipboard environment is considerably
different from a manufacturing environment, the conditions

necessary for using robots appear to be present on ships.
Robots may have advantages where the work is dangerous, when the
work is repetitive, when robots can perform better quality work

than humans, or where robots can perform the work at lower cost,
In determining potential applications, it will be necessary to
consider the division of labor between humans and robots and the
interactions between them. That is, which tasks should be
performed entirely by robots, entirely by humans, or by both?

Because the field of robotics is new, it will be essential that
this study consider likely new developments that may have
shipboard applications in the future. New areas of research now
underway include the following:

I..'q
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5NTIAL SEIP3IBOARD

APPLICAhTO8 or O1 orici

uZUIBIT A

Robot Capability
Shipboard Task Displaceannt Ptocessing Inspewtion

Guidance/Nav igation

Maintenance

(Painting, Waste) x x x

Cleaning x x x

Routine Repairs
(Welding, Etc.) x x

Emergency Repairs
(Hull, Engine) x x x

Supplies
(Loadingi, Stor-ge,
Usage) x

Food Preparation x x

Inspection
(E.G., Hull) x

Communications

Ammunition Transport
Loading x x

Fire Control x x

Mi
Search and Res~cue x x x 6

x - Potential Application

11-9
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"o Robot sensing capability--the ability of robots to
sense (through contact or vision) the environment for

monitoring, inspection, And positioning. Sensing
capabilities are relstiV ely undeveloped at present.

"o Software/hardware design--improved computer linkages
for programming robots.

"o Locomotion--the ability of a robot to move among a

predetermined path.

COST-BDUEFIT ANALYSIS

The critical second phase of this investigation would involve a

comprehensive analysis of all costs associated with a transition
to shipboard robotics and a comparison with expected benefits.
Both initial and operating costs and benefits will need to be
considered in order to properly evaluate the total impact of
shipboard robotics over the lifetime of a ship.

As a first step, categories of costs and benefits will need to
be defined, and then both quantitative and qualitative impacts
must be determined. Potential benefits of shipboard robotics

include the following:

0 Decrease in ship construction costs resulting from

decreased need for accommodations.

0 Lower operating costs because of reduced staffing
levels.

o Higher retention rate because of lower staffing
requirements.

o Improved morale of Naval personnel.

Il-i,'
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0 Higher quality of available pezsonnel.

o increased combat readiness.

o Reduction in casualties in combat,

0 Reduction in probability of human error.

o Lower repair costs.

o improved capability during combat.

Several areas of potential cost increases also need to be
considered:

o Initial development cost for robotics.

0 Cost of ship design.

0 Maintenance costs for robotics machinery.

o Cost of space required for robotics.

0 Development risk.

0 Potential negative impact on crew morale (e.g.,

increased boredom).

o Likelihood of errors in combat situations.

The model that compares these costs and benefits must consider
short- and lonq-term implications, and it must relate these

impacts to the objectives and strategies of the Navy in order to

properly assess the opportunities for shipboard robotics.



C. DOD'. $•DiXUSRAL MNO InXhZZA!TOZ IIWROVNUUN PROGMRA

1k4P is a Department of Defense (DoD) program to encouralie
industry to invest in modernization of the U.S. Industri&l
Base.

The policy is described in Department of Defense
Instruction (DODI) 5000.XX, "DoD Industrial Modernization
incentives Program* (DRAFT dated 7 July 82), now undergoing

test.

IMIP includes the earlier Air Force Technology

Modernization (TECH MOD) program.

IMIP (and TECH MOD) programs require use of analytic
techniques developed under the USAF ICAM program. We will
discuss these techniques later.

The General Dynamics (Fort Worth) F16 production
modernization program was the prototype for the IMIP/TXCH
MOD program.

GD and USAF will share in the anticipated $500 million cost
savings (on a run of 1388 aircraft). 1-7

USAF agreed to provide $25 million to GD to help finance
the factory modernization program. ',,

GD agreed to invest $100 million to implement the results
of development program for factory modernization.

GD employed the top-down, structured analysis of the
factory that is the keystone of the TECH MOD/IMIP. This

technique, "Structured Analysis and Design Technique (SADT)
/IDEF 0 (ICAM Definition Method, Version Zero)" was also

used for the preparation of all project work plans.

11-12
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A. H&CCUIU3 VISION

Up to 50,000 machine vision systems will be in U.S.

manufacturing plants within 10 years, and they will be

priced below $10,000 by 1992, according to a recent Tech

Tran Corp. study. At least one-third of them will be used
in conjunction with robots. Improved machine vision systems

were the highlights of the Chicago Robots 7 Conference and
Exposition. Integrated camera and computer systems combined
with robotic arms were featured by many companies. Even the
state of Michiqan's Environmental Research Institute has
formed a commercial vision system company, Synthetic Vision
Systems in Ann Arbor to promote the Cytocomputer III system,

which uses high-resolution imaging to recognize object
features at high speed.

Auto Industry

Doorposts of the Cadillac Cimarron and the Chevrolet

Cavalier autos are welded by a four-robot arc weldet using
three-dimensional optical scanning. The Robot Optical
Welding System (ROWS) uses a 3-D camera mounted on the wristK
of each robot, making two passes over each area to be
welded. The first pass is the vision pass to determine the
correct welding path. The second pass is the actual welding

pass in which the camera, linked by computer to the arc
welder, guides the weld. This two-pass system is similar to
Unimation's Univision II. The ROWS system was developed
jointly by G.M., Cincinnati Milacron and Robotic Vision

Systems, Melvillee New York. In future developments, G.M.
will be aiming for a single pass system to weld cars on the
move in the assembly line rather than the off-line, two-pass
system.

Ford, not to be outdone, has matched a vision system to an
impulce laser welding system in their Batavia, Ohio,

A ¶w
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transmission plant. A matrix-type camera examines the
transmission shafts and locates the true center of the pins
to be welded. Then, a controller processor instructs the
impulse laser (Raytheon 501 type) in positioning the weld.
One advantage of the laser weld is that the initial beam can
be more intense than the rest of the pulse, causing gLreatek,'
* melting at first, allowing both deep and shallow
penetrations in hard-to-reach places.

Two Arms System

Twin robotic arms are wiring and soldering electric fans for
Toshiba in Japan. One arm is equipped with a CCD (charge
coupled device) camera to monitor object positions while the
other arm performs the soldering. The system has 10
microcomputers linked together to process data and provide
visual information in real-time manufacturing.

Irregular Joints

General Electric's WELDVISION SYSTEM steers a TIG (tungsten
inert gaz) welding robot along irregularly-shaped joints and
seams making adjustments as it travels. Using lenses to
look ahead of the welding electrode, the system anticipates

variations. Welding speeds are expected to double according
to G.E., who expects to start system deliveries in December
1983.

Honeywell

A two-year program to improve real-time intelligent vision,
RW range, force and touch sensing of robots costing over $3

million has been contracted by the Department of Defense.
Honeywell's Technology Strategy Center in Minneapolis will
manage the program working with Stanford University, SRI

111-2
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International and UnimatiOn. To achieve 3-D vision, three.

cameras are used.

Scr"tches

Dent, bumps and scratches in shiny metal can be detected by

a vision inspection system designed by Rensselaer Polytech,

Troy, New York. A diffused light source projects a grid on

the shiny metal surface. A TV camera connected to a

computer measures the uniformity of the grid, interpreting

converging lines as a dent and diverging lines as a bump.

The camera also sctans for scratches that reflect the light

differently than the smooth Plirface does.

Other innovations in quality control inspection systems come

from Automatix, Bille.ica, Massachusetts, and Bendix

Automation, Dayton, Ohio. Automatix uses a statistical

quality control software program to detect when a part's

specification begins to drift frov, standard, allowing
preventative action before the part becomes a reject.
Bendix has developed their QUADRAX inspection system, which
inspects different parts in any order without a skilled 1.
operator. Three different colored lights tell the operator

if the part is accepted, marginal, or rejected. Bendix

claims speeds three times faster than coordinate measuring
machines.
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T. ACTILE SENSORS

Mechanical fingers with 256 tactile sensors in the fingertip

have been developed in France, at 14.I.T.'S Artificial

intelligence Lab, and in Japan. Industrial applications

will require recognizing and orienting objects grasped with

an entire hand, calling for coordination among all the

fingers.

The I-SOT 1 vision system includes an electrically driven

parallel-jaw gripper equipped with both pressure and optical

sensors. The interruption of a beam of light directed

between the tips of the jaws alerts the control system to

the presence of an object.

111-4



C. CHEMICAL OEMWRO1W

Chen'~c~ls-that respo'id to ultraviolet light not on~ly guide
robot mailearts through office Ibuildings but are also a key

.part of a new guJilance sy~tem In whivUh the chemical Is

coated over the part to be pu~cesaad or the tool. to be used.
Instead of outside programrlng, th'is system froin lNatmar,,
Inc., Cinci~innati, Pfiio, uses an optical scanner tc sense

ultraviolet properties of the cbemical to trigger a variety
of-manufacturing and material handlil~g fun.-tionri, including

robotic &::m movements,
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D. VOICS MCOWITIO_

Market researchers at International Resource Development,

Norwalk, Connecticut, predict that commercial voice products

will grow as follows:

(Amounts in millionsY 1982 1984 1967

Voice Synthesis/Output $15 $48 $237

Store-and-Forward Telephone
Switching 6 32 274

Voice Recognition 5 25 270

The explosive growth of voice recognition between 1984 and

1987 is based on the anticipated expansion of user-friendly

office information systems that will provide voice commands

and feedback in distributed processing networks. The use of

programmable chips and circuits adaptable to many types of

computers including personal micros will make it practical.

Recent developments in VLSI (very large integrated circuits)

and speech-processing algorithms (software patterns) have

also helped it along.

Texas Instruments

A major factor in the commercial field of voice applications

has to be Texas Instruments (T.I.). Long dominant in the

children toy and educational market, they have now added

voice recognition to their new Professional/Personal

Computer. They have also developed a Multibus version,

which is a digital signal-processor board (SBSP 3001) with

32 seconds of vocabulary. T.I. claims that it can equate to
1000 words. The heart of the system is the TMS 320 chip, a

32-bit signal processor that can execute five m.llion

instructions per second.
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T.I.'s commercial name for the computer add-on is NLI,

Natural Language Interfacel it has a structured and limited
vocabulary. Competing in the very intense office market,
T.I. is expected to sell at least 30,000 of these computers
this year, many of which should include the voice

recognition package.

The first inexpensive voice recognition products will be
appearing on the mass market in August on the T.I. model 99

4/A home computer and in November on Atari's VCS 2600 and
5200 video games. Made by Milton Bradley, these devices

will sell for under $90. They will recognize about 12
words, which the speaker must pronounce twice into the

headset microphone for computer recognition. Atari and
Milton Bradley are planning 18 different speech recognition

games over the next three years.

other Players

Interstate Electronics, Anaheim, California makes a voice
recognition add-on for a DEC terminal, costing about $1300.

They rely on pattern-matching.

Votan, Hayward, California, offers boards and systems for
stand-alone speech recognition in quality control checking

of factory production, in shipping and receiving
departments, with 50 word vocabularies.

IBM research is developing speaker-independent vocabularies
of over. 5000 words requiring main-frame computers.

Verbex, Bedford, Massachusetts, is about to offer a high-end
data entry terminal with a 300-word vocabulary for
speaker-dependent applications. ,.

111-7
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Threshold Technology, Delran, New Jersey makes

speech-recognition plug-in modules for the Hewlett-Packard
Series 80 personal computers with 120 words of recognition.

Intel Corp. is producing chips containing speech algorithms

so that their customers and OEMA can customize them.

The Japanese companies are concentrating on two separate

markets. Hitachi, Sharp and Matsushita are more into
consumer products with voice outputs. Toshiba has developed
a CMOS chip that can record and synthesize 12 seconds of
speech with no external RAM. NEC and Nippon Tel. and Tel.
offer chips and full systems for speaker-dependent users
with an unlimited Japanese vocabulary and
speaker-independent models with a 128-word vocabulary.

Microvoice Systems, Laguna Hills, California, offers two
minutes of speech in 16 separate phrases for $675.

Telephone companies such as Western Electric and Rolm are
involved in the communication aspects of voice
recognition/output.

European and British companies include Philips of
Netherlands, Triangle Digital, Costronics, Logica Ltd. and
Marconi Space. Logica's system is speaker-dependent with a
2000-word vocabulary and is called LOGOS.

Industrial Applications

Hitachi's speech recognition system to control machinery and
palletizing by voice command was introduced last winter in
Osaka, Japan and probably will not come to the U.S. for a
while.

111-8 -
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An industrial control system using programmed synthemized
human speech in available from C.A. Briggs Co., Gltnside,
Pennsylvania. It alerts a machine operator to eiaerg~ncy
conditions with specific corrective instructions in
sentences of up to 12 words each.
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A. OW ICRX PROOO3M (Integrated CMputer-Aided Manufacturing)

The USAF ICAN program is a1 large ($100 million) program
that has the objective of developing now methods/approaches
to factory modernization, 'demonstrating the effectiveness
of the new methods/designs, and transferring the new
technology to the U.S. industrial community.

USAF provides *seed money" for contractors to accomplish

the development of the new technology. Contracts are for

"coalitions" of contractors, including a prime contractor,

say Northrop, with other participating contractors, say,

Lockheed and Boeing, plus a university and private

consulting firms. The intent is to obtain maximum

generality of results and maximum acceptance by the

industry.

o Factory Analysis

The foundation of the ICAM approach is the factory
analysis, which leads to a factory architecture (how
the factory operates now). The factory analysis
includes a function model, an information model, and a
dynamJc model.

Creation of the factory architecture:

oo Leads to a better understanding of how the
factory actually works at present.

oo Helps to identify problem areas
(disproportionately expensive operations,
operations that contribute to poor quality, Human
Factors-related problems)

Iv.-
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co Provides the baseline description (As-Zs) that
viii evolve into a uTo�3e model as improvement
�onoepts are developed, proved out, and
integrated into the design.

o Analytic Yools

Function Modeling Method (1D1F0)

Information Modeling Method (IDE?1)

Dynamic Modeling Method

ICAM Decision Support System (IDEF2/ IDDSS2.O)

(Computer-based simulation system for exercising IDE?2
model)

Interim AUTOIDEF

C
I
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ICAM LIFE CYCLE STEPS

UNDERSTAND THE PROBLEM

1. ANALYZE NEEDS

2. ESTA BLISH REQUIREMENTS DEFINITION

FORMULATE AND JUSTIFY SOLUTION

3. PERFORM PRELIMINARY DESIGN

4. PERFORM DETAIL DESIGN

CONSTRUCT, INTEGRATE AND TEST

5. COiNSTRUCT, VERIFY AND TEST

6. INTEGRATE, VALIDATE AND TEST

IMPLEMENT AND MAINTAIN

7. IMPLEMENT AND USE

8. MAINTAIN AND SUPPORT

IiV-I
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INTRODUCTION

The ICAM Approach

Beginning in 1976, the U.S. Air Force launched a program intended
to help American industry improve productivity through the systematic appli-
cation of computer technology to the problems of manufacturing. This program
is called ICAM: Integrated Computer Aided Manufacturing. The ICAM approach
provides a system of proven and demonstrated tools.and techniques to help
define, conduct, and monitor CAD/CAM projects. The approach provides (1)
a means for conmunication between management and technical people, and (2)
a procedure to insure that capital funds are spent on the best possible

project. Procedure and language are among the tools and techniques of the
ICAM approach. The procedure is found in the systematic sequence of events
called the ICAM Life Cycle. The language Is found in the methodology called
the ICAM Definition Language (IDEF).

The ICAM Life Cycle consists of a sequence of top-down planning
steps through a model, or architecture of manufacturing, and bottom-up
implementation of individual subsystems. The objective is planning and
organization of bottom-up development of subsystems that can be integrated
ultimately into one manageable system to produce maximum benefits.

The ICAM Life Cycle consists of four major and eight minor steps
0 6as shown below:

Understand the Problem Needs Analysis

Requirements Definition
Formulate the Solution Preliminary Design

N.E Detailed Design
Build the Solution Construction and Verification

th Integration and Validation
Implement the Solution Implementation and User

AcceptanceI Maintenance and Support

The following sections briefly describe the content of the first
step, "Understand the Problem," which is the subject of the four volumes of

this report.

IV-5



CA LStIe
Understand tho Problem

In this contract the "problem" to be understood is the Engine
Repair Facility at OC-ALC. Specific areas of operations which require
detailed understanding include:

0 Technical specifications for gas turbine engine repair
* Technology of repair processes in the ERF
a Resour:es available In the ERF
* Characteristics and projecti•ns of the workload
* Characteristics of the ERF organization
* Management practices

* Information and data requirements
0 Relationships of the ERF to external organizations.

In the ICAM Definition Language these and other areas of interest are grouped
in five categories, namely:

* Controls and constraints

e Inputs

a Outputs

e Resources

e Functions.

Understanding of these five important areas are obtained through the data
collection activities of the two minor sters of ICAM step one, i.e., the
analysis of needs and the definition of requirements.

I;
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Needs Analysis

Analysis of needs is the initial activity in a development
program. The objective is to establish goals of the "To-Be" system by
describing at a high level, areas to be impacted, system capabilities,
costs, benefits, and expected return on investment. The Needs Analysis
provides a high-level statement of constraints to which the new design
must conform.

The Requirements Definition step provides descriptions of the
existing or 'As-Is" operation. Description is in the form of (1) models
in the IDEF language which illustrate the operation from three different
points of view, (2) review of the state of the art of existing as well as
needed technologies, and (3) concepts for improvement of systems and sub-
systems.

The IDEF r~odels of the "Understand the Problem" step are comn-
posed in two contex'ts, i.e., factory view and composite view models. The
factory view models represent the present conditions in the operation
being studied. The composite view models represent a synthesis of the
operation being studied with other similar operations of cooperating
subcontractors and others. Models in each of these two contexts take the ý

following three specific forms:

IDEF-Function Model. The function model provides a hierarchical
description of the manufacturing operation in terms of the activities or
functions which take place. It also shows the objects and information input
to the function, the output from the function, the controls upon the function,
and the mechanisms or resources which perform the function. A graphical
methodology is employed to illustrate the movement of objects and data and
sequence of functions. Each model is supported by text and glossary to
provide further detail to the graphical description; By further graphical M
illustrations, each function can be decomposed to any extent to provide
necessary levels of detail.

IV-7
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LVAF, -Information Model. The information model provides a
different viewpoint of the operation being understood. This model
focuses on the structure and interrelationships among the information
which support the functions being performed. A graphical methodology
is used to illustrate the relationships among entity classes of in-
fomation which have common attributes. Pages of text support the
diagrams with definitions of the content of entity classes and attri-
butes.

IDEF, -Dynamic Model. The dynamic model presents a third
viewpoint of the manufacturing operation. This model shows the time and
sequence dependent characteristics of the operation. It serves as a way
to analyze the Interaction of functions and information over time, and is
essentially a process flow diagram. The IDEF 2 graphical methodology
provides an illustration of the operation and serves as a framework for

accumulation of data to facilitate system simulation.
The second important activity of the Requirements Definition

step is a review of the state of the art of existing (as-is operation)

technologies as well as of needed (to-be operation) technologies. The
state-of-the-art review broadens the perspective of the program team .
regarding the as-is operation, Its functions.and enabling technologies

and resources. The review extends to (1) vendors of commercial equipment

to facilitate the as-is functions, (2) practitioners of the functions
and technologies in other similar manufacturing operations, and (3)

recognized experts in the as-is needed technologies from the academic and

research and developnent sectors.

An important output of the state-of-the-art review is the

identification of technology voids. These are areas where the commercial
offerings or the technological capabilities 6f the academic and R&D sectors

do not support required improvement and integration of the as-is operations

into a computer-aided manufacturing concept. Technology voids identify
constraints upon progress or targets for research and development.

IV-8
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The third important activity of the Requirements Definition

step is the identification of improvement concepts for the operations

being understood. Improvement concepts can take many forms including:

e Physical or sequential rearrangement of functions

e Introduction of different but familiar technologies

o Development of novel technolo3ical approaches or

machinery

e Integration of functional subsystems by development

of coordinating hardware and software.
Improvement concepts might be described at a high level by textual

descriptions of ideas or references to commercial liter%ture.

A final activity of the Requirements Definition step is com-

puter simulAtion of the As-Is Dynamic Factory Model. Simulation offers

an opportunity to observe relationships of the time-dependent characteristics

of the as-is operation and to introduce new conditions of workload, con-

straints, and variables. Several software tools are available to facilitate

simulation based on the IDEF2 models. An nntteal simulation package, eCted t

Decision Support System (IDSS) Version iI was developed by Hughes and is Prto

an on-line system designed to simulate manufactur2ng processes. This system

is based on a generalized function model whch uses process flow diagrams
to describe the processes being simulated. IDSS Version I provides a"

language for the expression of systems* a due a base for capturing and t

mafntaining f system concept and , simulation capability for perfomt. ng

Models analyss. IoDSS Verstion can be executed interacttvely by Mode-
municating with a host. computer via a terminal. Currently, IDSS Version 1I•.

Is hosted on CYBERNET, 3 network supported by the Control Data Corporation. :

A more recently amplemented simulation system which extended the
concepts of IDSS Version, I Is entitled ICAM Decision Support System, Perot- ...;

type (2.0), hereafter dý ited IDSS 2.0. IDSS 2.0, developed by Pritsker

&Associates, was completed around March, 1982. It consists of an Inter-

active software system which directs a user' in performing each of the ."'
following four tasks: Model Build, Translation, Run and Output. IDEF2

Mqodels are developed entirely at a graphics terminal or teletype. Model -- :

translation and simulation are performed auiomatically..,.-

IV-9
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This Program
Manufacturing Techr'olq For Gas Turbine

En Ine Repalr Center.OC =,

This ICAM life cycle is being employed on this program to
provide

* A datailed model of blade repair activities both

in the "as-is" and "to-be" forms

* A high level model of the Engine Repair F~cility

(ERF) at OC-ALC for future planning and integration

* A simulation model of the high level ERF to provide

a management tool for allocating resources and

establishing entity flows

* Detail design, construction, and implementation of .lN

an Integrated Welding and Grinding (IWAG) cell and

subsequently, an Integrared Blade Repair Center
(IBRC).

While the time constraints imposed by the contract on this

program did not fully allow the natural flow for the ICAM life cycle

(immediate progress in turbine blade welding and grinding was required),

nevertheless, Battelle feels that the approach Is valuable. Sufficient

information has been recorded to provide integration means for bottom-up

implementation of the improvements recommended for the Engine Repair
Facility and its subsystems.

Battelle also feels that the application of this ICAM approach

can be extended to other government and private sector industries for use

in implementation of advanced technology. The knowledge gained during '

the application of the ICAM methodology at OC-ALC indicates that

.This disciplined approach to examining and documenting

a manufacturing system can provide a thorough under-

standing of complex processes

9 The results of the examination can provide a "roadmap"
for future integrated improvements

e The information collected can serve as a firm basis
for the design and implementation of these integrated

improvements.

IV- 10o..
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OBJECTIVES

This Program

The overall objective of this program is to establish an
ICAM architecture for the Oklahoma City Air Logistics Center (OC-ALC)
Engine Repair Facility (ERF) for use, first in the design, construction,
and implementation of an autom&ted, integrated welding and grinding
(IWAG) cell for repair of turbine blades, and second, in the design,
construction, arid implementation of an integrated blade repair center
(IBRC).

To achieve this overall objective Step I of the ICAM approach
provides for a sequence of specific activities. The stated objectives for
each of these activities follow.

Needs Analysis

The primary objective in analyzing needs of the Engine Repair
Facility (ERF) subsystems is to establish overall goals and cirections for
improvement of subsystems, to be developed during this and subsequent pro-
grams. Consistent with the overall program objective, the contract State-
ment of Work (SOW) identifies several candidate needs within the plaeined
Integrated Blade Repair Center (IBRC) subsystem, to be' given first priority
in this program. The Phase I Needs Analysis Report a'ddressed this require-

ment within the IBRC, identifying the needs of an Integrated Welding and
Grinding (IWAG) cell and an associated Integrated Material Handling and
Storage Subsystem (IMH/SS), merging the IWAG with an Integrated Blade
Inspection Subsystem (IBIS). Additionally, the Phase I Report assessed
the needs of an IBIS and two or three other IBRC modules.

Iv-"1



In Phase II, the needs analysis methodology established in

Phase I was applied to major subsystems of the Production Branch of

the Propulsion Division and to other selected branches of the Direct-

orate of Maintenance as interrelationships were perceived to be relevant.

Included are specific analyses of all major functions of the BRC except

those emphasized in Phase I.

As-In Factory-View Models

The objective of building models representing'the As-Is oper-

ations of the ERF in the ICAM Definition Language (IDEF) is to (1) docu-

ment understahding of the present operations, (2) organize data relating

to ERF operations, (3) identify modular areas for detailed study, (4)
provide a base upon which to plan improvements, and (5) facilitate com-

munication of functional relationships for orientation of additional

specialist team members, as required.

Composite-View Models

The objective of building models representing the composite-

view of operations at OC-ALC, SA-ALC, and at several conmercial engine
repair facilities in the ICAM Definition Language (IDEF) is to (1) document

understandings of variations of operational practices at the several

plants studied, (2) organize data relating to the composite view, (3)

identify functional relationships for functions not included in the As-

Is Factory View Models, (4) broaden the base of information upon which
to plan improvements, and (5) facilitate communication of functional

relationships for orientation of additional.specialist team members,

as required.

IV-12
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State-of-the-Art Review

The objective of the State-of-the-Art (SOA) Review is to
determine what equipment is commercially available to meet the tech-
nical needs of the ERF and BRC/IBRC processes, functions, and sub-

systems and of the described improvement concepts.. Needs are defined

by (1) the Needs Analysis for as-is conditions within the ERF, (2)
the projected FY85 work load, and (3) possible improvements described
in the NA as well as by concepts described in the Improvement Concepts

Section of this report.

improvement Concepts Study

The objective of the Improvements Concept (IC) StuLdy is to.

identify concepts with potential for improvement of the ERF and BRC/IBRC
processes, functions, and subsystems. These concepts might represent
commercial, technical alternatives to as-is practices, or approaches

which may be beyond the state of the art, and might be novel assemblies
of conmercial subsystems requiring unique technological developments for

integration.

Simulation of ERF As-Is Dynamic Factory Model

The objective of this activity is to provide a simulation model

of the current ERF which depicts at a high level the flow of principal
entities, primarily engines for major and minor overhaul, through the

various ERF functions. The purpose of this model, in addition to valid-
ating the ERF IDEF Models, is to (1) provide useful input to capacity

studies, (2) assist in determining the locations of bottlenecks, (3) assist
in determining critical paths, and (4) provide a baseline model for future
efforts such as preliminary ERF design.

BRC is used to denote the as-is Blade Repair Center. IBRC is Integrated
Blade Repair Center and is used to denote the improved Blade Repair Center
to be developed under this contract.

IV-13
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APPROACH

Accomplishment of the specific objectives of the several tasks

of ICAM Step 1, Understand the Problem, is necessary ground work to

achieve the overall objettives of the program. The approach taken to the

Step I work follows closely the details of the ICAM plan.

A coalition of subcontractors was formed with several cc•mpanies

having expertise in the general fields of concern. Subcontractors and

their principal roles are listed in the preface to this repor%. Battelle*

was further supported by representatives from OC-ALC and SA-ALC Inter-

view teams composed of experienced engineers, manufacturing specialists,

and infornation and software specialists toured the ERF extensively,

interviewing management and operating personnel at many levels. Data

were collected, repair operations were observed, and IDEF model3 were

constructed. Through many iterations as-is models were reviewed and

refined. Data and verbal descriptions of functional operations were

expanded to support the models.

Teams of interviewers toured other related industrial facilities

to expand the data base and improve understanding of the problem. Engine

repair facilities of SA-ALC and two commercial enterprises were toured

and management and operating personnel were interviewed. Turbine engine

blade production facilities and research facilities of other original

equipment manufacturers were toured and further understanding was gained

through interviews.

From the familiarity and understanding of engine repair operations

gained through the tours, interviews, and data collection performed from

October, 1980 through March, 1982, a detailed description of the operation
of ERF subsystems is developed. This description forms a background for

SA-ALC: San Antonio Air Logistics Center

IV-14 ,,



definition of problems and needs in the ERF subsystems and is developed

into the Needs Analysis (NA) Report. This report was comiposed by Battelle

staff members of the previously described data collection and interview

teams. The NA identifies problems in the present conditions, and defines

needs in terms of solutions to problems. Needs are prioritized and some

possible improvements are described.

A state-of-the-art survey was started to acquire information

regarding current commercial offerings of vendors in the technology fields

of the ERF subsystems. Additionally, some specific technology fields were

addressed because of their importance to integration of manufacturing systems,

which will be of interest for development of improvement-designs. Inquiries

conducted by telephone surveys led to identification of other technologies

or techniques for accomplishment of thc needed functions. Improvement

concepts suggested in a separate study of new technological approaches

were referred to the state-of-the-art survey team as additional subjects

for the survey. In this way a body of information was accumulated relating

to enabling technologies for all as-is operations or improvement concepts.

Through this SOA review technology voids were identified wherein there are

weaknesses in the availability of commercial offerings or in the basic

technology of maiufacturing to support the improvements visualized .for

the ERF in this study.

In an effort parallel to the state-of-the-art review, an improve-

ment concepts study was performed "'o address needs in the areas of technology

voids, to introduce-new technological approaches, or to visualize integrated

subsystem approaches. These concepts are described in text and sketches at
" a h Tgh level.

hih The approach to the ERF simulation activity involves utilizing

the Pritsker & Associates' prototype IDSS Version 2.0. The first phase

of the approach includes developing a simple model of the ERF based on its
• ." six principal work centers. Once this model has been implemented and

validated, plans are that a more complex model resulting from the decom-

position of the six work centers into more detailed functions (possibly

0* the individual activities of the 34 Resource Control Centers comprising

the ERF) will be implemented. This detailed model would use as its

basis the ERF IDEF 2 Model developed during Phase II.

I.. I-1 5
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SUMMARY OF RESULTS

Needs Analysis
(Vol. II1

The Needs Analysis covers all principal functions, processes,

and subsystems of the ERF. In the NA Report 135 statements of need are
defined, summarized, and prioritized. These needs can be further condensed

into the following six generalized statements of need:
(1) Pursue equipmental and organizational improvements

in the VRF operations 9nd in Its functions to sup-

port the IBRC concept and the philosophies of the ICAM

program.

(2) Study the problem of high engine test failure rate in

the many ERF functions which potentially contribute
to the problem, including lisassembly, inspection,
machining, rotor kitting, assembly, and balance,
engine assembly, test, and the penalty line function.

(3) Automate/coi-puterize ERF production management and

scheduling.

(4) Enhance consideration for safety and human factors
in all operations.

(5) Improve product quality while reducing production
-costs through modernization, integration, and com-

puterization of equipment resources and procedures.
(6) Emphasize and expand employee development programs

and policies to address modern requirements for
management, technology, and mai'itenance.

Possible improvements to achieve benefits in these areas of need

are suggested in the form of modern techniques, commercial equipment, or
concepts for unique, special purpose equipment systems. RI

IV-16
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As-Is Factory-View Models

[Vols. 14 (1-9)1

As-Is factory-view models were constructed to represent the

operations of the ERF and Blade Repair Center (BRC). Models include
Function (IDEFo), Information (IDEF 1 ), and Dynamic (IDEF 2 ) models for

the ERF and Dynamic (IDEF 2 ) models for both turLwine and compressor

blades in the BRC. The models are developed only to a level necessary

to provide understanding of the functions and functional relationships,

and to organize accumulated data. The models provide the expected sound

base of understanding required to support further planning of improvements

for the ERF and BRC/IBRC.

Composite-View Models

[Vols. II (6-8)]

Composite-view models were constructed to incorporate functional

practices of subcontractors and other engine repair contributors into the

descriptions of ooerations of the ERF and BRC. Models include a FunctionIDEFO) model for the ERF and Information and Dynamic Models (IDEF 1 and IDEF2

respectively) for the BRC. These models are developed only to a level

necessary to provide understanding of the functions and differences, and
to organize accumulated data. The models provide the expected sound base
of understanding required to support further planning of improvements for

the ERF and BRC/IBRC.

State-of-the-Art Review

(Vol. 11-9)

The State-of-the-Art Review provides a broad base of understanding

of current offerings of commercial equipment vendors arwd the capabilities of

these products to meet needs of the ERF. Important product data has been
accumulated and organized for use in defining improvement designs. The study

includes discussions of functions or technologies introduced through the com-

posite models or through concepts suggested in the Improvement Concepts Study.

"IV-17
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The SOA Review report also identifies five areas of technology

voids and describes details of the need and conditions for developing

the needed technologies.

Improvement Cnncepts Study

(Vol. 111-9)

The Improvement Concepts Study provides an additional dimension

of understanding of the problem. Concepts for improvement of ERF and BRC

processes are described in those areas where commercial offerings do not

acceptably address the needs. Some of the concepts represent definite

steps forward beyond the state of the art being, to an extentb creative

research and development even though based on sound and fIXmiliar physical

principles. Other concepts represent transfer of technology from other

industrial operations or unique integration of familiar technology.

Simulation of ERF As-Is Dynamic Factory Model
(Vol. IV)

The ERF Dynamic Factory Model (IDEF 2 ) was developed at a high

level to facilitate computer simulation. This portion of the project is

ongoing. Results of this activity will be reported upon completion in r-..
Simulation of ERF As-Is Dynamic Factory Model (High Level) Volume IV.

IV1
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CONCLUS IONS

Many important conclusions are drawn at detail levels from
the work performed which are described in other volumes of this set.
These detail level conclusions are not repeated here because they are
too numerous. Detailed study of other volumes of this set is recommend-
ed to the reader as individual needs or interests may direct. High level
conclusions only are provided in the following.

(1) The ICAM approach provides an effective methodology
to accomplish the objectives of the "Understand the
Problem" step.

(2) The studies reported in the volumes of this set pro-
vide important, detailed documentation for understand-

ing the problens of engine remanufacturing, of the
ERF operations, and of the status of technologies

S of the ERF functions.

(3) The findings reported in the volumes of this set,

in many cases represent perceptions and opinions
of the Battelle study team. However, these find-
ings have been extensively reviewed by contributors
at OC-ALC, SA-ALC, and by members of the coalition
of subcontractors, and other volunteer industrial

leaders to assure relevant and realistic viewpoints.
(4) Substantial gains in all areas of benefits expected

in this program can be derived by systematic planning
and development of improvements along the lines sug-

gested in this report.
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(5) Accumulated dpt# in the volumes of this set and

in the librar) files of the Battelle Program Office
provide an important base for planning preliminary

and detail design phases for subsystem improvements.

(6) Some needs and recommended Improvements are identified

which are outside of the Production Branch of the Pro-

pulsion Division but which impact upon production.

IV-20
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RECOMMENDATIONS

Based on the work performed and the conclusions drawn from

that work, Battelle reconmends the following action plan for Improvement

of the ERF operations at OC-ALC.
(1) Current OC-ALC plans for improvement should be

reviewed to provide for Incorporating specific

subsystem improvement as defined in this study

on a prioritized basis.

(2) Details of needs and possible Improvements out-
lined in this study should be reviewed and prior-

itized in preliminary and detail design plans for

ERF and IBRC operations as provided for in this
program as well as in other programs.

(3) Exploratory programs should be considered in those

technical areas Identified as technology voids to

extend the state of the art in needed technologies.
Additionally, new developments In these areas should

be monitored to maintain continuing assessment of the

state of the art.

II
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C. 1=7ll1- lif D UTiONJ

IDbEF1 was developed as a part of an overall program for
Integrated Computer Aided Manufacturing (ICAM) sponsored by

the U.S. Air Force. The ICAM program is geared toward the

improvement of aerospace manufacturing productivity through

the use of computers. The IDEF1 technique focues on the

understanding of information in the manufacturing

environments it results in a precise and comprehensive

representation of the integrated structural aspects of

information within some portion of the manufacturing

enterpr ise.

IDEF 1 is one of three vital new requirements modeling tools
developed under the ICAM program. Taken together, these

are called the ICAM Definition Method (hence the acronym

IDEF). Each is a language designed to be used in
understanding some aspect of the manufacturing enterprise.
The three tools are:

o IDEF0 - a language that deals with the functional

aspects of a manufacturing environment,
and the ways in which these are

inter-dependent.

o IDEF1 - a language that deals with the
information aspects of a manufacturing

environment, and the interrelationships
of information components.

NO
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o 1D382- a language that deals with the dynamic

aspects of a manufacturing environment

having to do with the movement of objects

and information.

The need for the ICAN program and the IDE13 techniques

became clear as the difficulty in designing integrated

manufacturing systems became more and nore apparent.

Controlling and coordinating integration of manufacturing

information often appears virtually impossible.

NanuLacturiny oepratLr, s tand to b4 so diverse that the

real requirements to be placed on an integration effort are

simply OburiedO in all the complexity.

Hence, the ICAN program. And from it, the IDEF1 technique

of information modeling. From an extensive and detailed

examination of available manufacturing and engineering

practices and the kinds of problems cited above, it was

concluded that the most practical way to approach the

problem of integration of manufacturing information was to

develop an information requirements model prior to

designing end building the corresponding Lisformation

system. The IDEF 1 technique for developing such models was

designed to reflect the integration of manufacturing

informatior within the overall manufacturing enterprise.

The ICAM approach is, then, to:

1. first, build an integrated information modell

2. next, design a database(s) from the information model;

3. finally, implement and install the database(s) and

associated functional and procedural components.

IV-23
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The IDET1 technique offers a set of rules and procedures
for creating information models. It incorporates the

necessary graphics, text, and forms to inject an organized
discipline into the process. it provides for the
measurement and control of the progress development of the

model through the routine of the modeling discipline.

Because the modeling discipline involves an evolutionary

process, it is organized into stages with measurable
results and specific products, Tt develcps towazd a more
exact definition with each iteration. It provides a

modularity, both in its practice and product, that cannot

be found in other methods, and that protects against the

inaccuracies, incompletenessr inconsistency, and

imprecision so often encountered.

There are two fundamental components of an information
• %model:

1 1. Diagrams: the structural characteristics of the
information model, displayed in
accordance with a set of rules and
procedures that construct a msaningful
representation information.

2. Dictionary: the meaning of each element of the model
reflected through the compendium of text
and indexes that clearly define the
information reflected in the model.

An IDEF 1 model involves the entire manufacturing
organization. There are several roles that have to be
fulfilled to p onduct a successful modeling effort. This

umodel is principally geared toward the benefit of the

IV-24



Modeler, or "recorder" of the model. The Modeler's

teai'ates are: the Project Managerl the Source(s); the

Reviewer(s); and the Review Committee.

The Modeler is a modeling expert. The employment of the

techniques, the maintenance of the momentum, the

organization and publication of data, and, in general, the
production of the model are the responsibility of the
Modeler. The shape of the informtion structure of a

manufacturing activity (its architecture) as represented in

the model, is the primary responsibility of the other team
members.

An IDEF 1 information model, then, is a reflection of the
total manufacturing enterprise, and provides a baseline

definition of that organization's informational needs. It
ensures that the information can be shared, and that the
information system oi the total enterprise is, in fact,
integrated.

IDEF 1 is a new technique that addresses the many problems
cited above with a structured, broad-based fresh approach.

An information model is an attempt to determine "what is
needed" in terms of information, for a manufacturing

enterprise, and to represent this graphically as modular
units of detail. An information model provides a precise,

accurate, and concise description of the information needed

by a manufacturing enterprise. In addition, the
information model has a formal character, which provides
for a precise understanding of the information it portrays. .•-

And finally, an information model is a tool that has

practical value whether or not the manufacturing enterprise
"is heavily committed to the use of computers; but optimum "
value to the enterprise struggling with the problem of

integrated system design.
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HOW CAN IDEFn HELP THE MANAGER?

IDEF 0 permits the manager to:

"o Systematically analyze a program objective into the
hierarchy of tasks (activities, functions),required to
accomplish the objective

"o Define the interrelationships among tasks

"o Define the inputs and outputs required for each task

"o Define constraints (controls) that act on a given
activity

"o Indicate the use of feedback to modify earlier
activities

"o Create a work breakdown structure (WBS)

"o Use the WBS to assign work and to identify required

resources

"o Communicate this plan unambiguously, using a standard
set of symbols, meanings associated with the symbols,
and rules for using the symbols
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A. I.ZAB!LIYY, NA!M=AMM AND SAEYT

Industrial experience indicates that fox most applioations,
uptime must exceed 97 percent to satisfy users of

industrial robots. Many applications require an even
higher performance.

What we consider the most definitive discussion of robot
reliability appears in Joseph Engelberger's book, Robotics
in Practice. We feel that this subject deserves very
thorough treatment and should be examined separately.
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FINDINGS AND ICO•DORIDTIOGS

A. DEBS IGN, NANUFACTNI AND I•NIMBEtNCZ

The diagram in Figure 1 provides a useful concept for
considering the roles of each of the IDA Technology
Steering Group technologies in providing reliability and
maintainability (R&M) to DoD equipment and systems. In
viewing the outer circle, we should first observe that if
R&M is not designed into our systems, they will not be
reliable. This, then, underscores the critical role that
design plays and should play in ensuring reliable systems.
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Design

Our inevitable conclusion must be that desiga engineers are
our first line of attack on the problems of reliability.

To do their job effectively, they must (1) possess broad
interdisciplinary skills and (2),have the very latest
information (continuously updated) as to the role that each
of the contributing technologies of our systems have to
make to the overall realibility, as well as performance, of
those systems.

This requirement suggests (a) a heavy concentration of
computer-assisted technologies at the hands of our
designers to effect the information access and transfer, as
well as (b) traininn and organization for the designers.

Manufacture

In manufacturing, robotics provides for the effective
translation of reliability in design to reliability in the
finished product. Management systems are required to

monitor and assure this effective implementation once R&M
in design is more clearly articulated in design methods.
That the translation or implementation be cost-effective as
well, may further assure that the cost of reliability is
affordable.

Maintenance

On the other hand, robotics and/or automated systems have a
great deal to offer the achievement of reliability in

existing and future systems in the DoD inventory. The idea
of fully automated depots, and perhaps field units,
"efficiently diagnosing and treating out-of-service
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equipment holds a great deal of promise for immediate#

albeit incremental, gains in the uptime or availability of

equipment.

These immediate gains will be realized through the early

introduction of highly computerized man-in-the-loop

maintenance systems that will become the forerunners of

those same functions performed solely by automated methods

as robotic technologies mature.

Procurement

Even more important implications of this committee's

findings and recommendations can be seen for procurement

policies. Coining a new term, "life-cycle manufacturing#"

for our. purposes, we suggest requiring contractors to
deliver not only equipment and manuals and training to

fulfill their contracts, but fully automated (as fully as

possible) and computer articulated maintenance systems. In

effect, we would like our contractors to be as responsible

for the life-cycle performance and up-time of their
products as they are for the delivered performance.

Although DoD initial purchase costs would be increased

considerably, along with operational readiness. We see

nothing but good coming from requiring contractors to

compete with one another on the life-cycle quality of their

systems as well as on delivered performance.

SOURCE OF FINDINGS

The ISOM Committee's work has been influenced heavily by

the following sources:
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o Intelligent Task Automation Project - Martin-Marietta

o Tour/review of Kelly APB engine overhaul and repair

facilities

o Review of Oklahoma City/Battelle Engine Division study

o Technology Steering Group meetings -- a rich source of

interdisciplinary perspective

o Individual members of the ISOM Committee

SUIUNRY WF FIDINGS

o The R&M of equipment is principally effected at design
time.

o Robotics in manufacture essentially contributes to
effective implementation of good design.

o Robotics in maintenance presents us with %n
opportunity to significantly improve tile operational

readiness of our existing and future inventories.

o Procurement policies that require computer-articulated

man/machine maintenance systems of contractors may

make a significant contribution to life-cycle cost
savings and to operational readiness.

0 Further synthesis of analytical methodologies and

further demonstration of flexible robotic technology

will contribute significantly to advances in
operational readiness.
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A. 5!3m30LGY iDV3LC31MT

1. Integrated Manufacturing Systems analysis
methodologies reviewed, further synthesized and
applied to engine overhaul and repair at Kelly APB to
produce management guidelines for ISOM
decision-making.

2. Design and pilot of a training program for applying
ISOM analysis and methodologies.

3. Design and pilot of a CAE/CAD system designed to
optimize technology information input to the design
process--for a particular product currently under
development (and/or one recently developed).

B. TSCHROLOGY DuNESTE&TXOU

1. Develop and pilot test an automated repair facility
for the Blackhawk (UH-68) Intermediate Gear Box (IGB).

2. Major man-in-the-loop automated implementation at
Kelly A"B for engine overhaul and repair, to proceed
from the ISOM analysis methodology pilot at Kelly :•,

described above.

3. Targeted Life-Cycle manufacturing procurement exercise
for a product currently under development.
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SummRY 0•s 330MMTIUS

($Thousands)

Al Robotic Analysis Methodology $ 1,500

A2 Methodology Pilot and Training 2,500

A3 Technology in Design Pilot 5,000

Bi Blackhawk IGB Repair Facility 3,000

B2 Engine Overhaul Methodology Pilot 12,000

B3 Procurement Pilot 1,500

TOTAL $25,500

i.1

Figure 2
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APPENDIX S:

ROBOT VEHICE
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REQUESTED BY
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USER CODE: 27000
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UN.LASSIFItD =

OTIC REPORT NO, CX7419 APR 07. 1833
DTIC FORtMAT 30075

TITLE: (U) HUMAN FACTORS ENGINEERING IN SUPPORT OF AVIATION,
ARMOR. COMMUNICATIONS, ENGINECR AND MISSILE IOUIPMENT

PERFORMANG ORGANIZATION RESPONSIBLE GoRAT ORGANIZATION
DARCOM HUMAN ENGINEERING DARCOM W'iMAN ENGINEERING LASS
LABORATORY ABERDEEN PG N M0 S 210 NINDRDEN PO NO 21005

PRINCIPAL INVESTtGATOR ASSOCIATE INVESTIGATOR "

ERICKSON.J R DAVISc %I

TELEPHONE NUMBER CONTRACT/GRANT NUMBER

PERFORMANCE METHOD CONTRACT/GRA,'r AMOUN'T,
IN-HOUSE SO0

DATE or SUMMARY START DATE ESTIMXTED COMPLETION DATE
01 JUL 78 JUL 84 CONT

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY
TERMINATED UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECIHIOLOGICAL AREAS
007100 HUMAN FACTORS ENGINEERING
009400 MAN-MACHINE RELATIONS
010700 MISSILES

PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:
62718A 1Y76271SAH70 01

KEYWORDS: (U) HUMAN FACTORS ENGINEERING ANALYSIS ;(U)I
MAINTAINABILITY ;(U) INFORMATION PROCESSING ;(U) AVIATION ARMOR
COMMUNICATION ENGINEER MISSILE EQU

DESCRIPTORS: (U) BULLDOZERS ;(U) COMMUNICATION EQUIPMENT ;(U)
COMMUNICATION AND RADIO SYSTEMS ;(U) DATA PROCESSING ;(U) DISPLAY
SYSTEMS ;(U) GENERATORS ;(U) *GUIDED MISSILES ;(U) *HUMAN FACTORS
"ENGINEERING ;(U) *MILITARY ENGINEERING ;(U) MINELAYING EQUIPMENT

IDENTIFIERS: (U) IST ;(U) EFFECTIVENESS

1.1,

REPORT NO. CX7419
UNCLASSIFIED PAGE I

B-16



"V

UNCLASSIFIED
DTIC REPORT NO. CX7416 APR 07. 1082

OTIC FORMAT 50070

OB.JECTIVE: (U) TO PERFORM IHUMAN FACTORS ENGINEERING ANALYSIS AND
EXPERIMENTAL STUDIES IN SUPPORT OF MISSILES, COMMUNICATIONS,
AVIATION, AND ENGINEER EQUIPMENT. TO DEVELOP ANALYTIC METHODS ANDI
PROCEDURe3 FOR ASSESSING HUMAN FACTORS ENGINEERING REQUIREMENTS%
AND CRITERIA IN THE DEVELOPMENT OF LARGE COMPLEX SYSTEMS AND
PROCUREMENT OF OFF-THE-SHELF ITEMS OF ENGINEERING EQUIPMENT.
RESEk.c4 IN THE AREA OF HUMAN FACTORS IN MAINTAINABILITY.
AVIATION EQUIPMENT, COMPLEX DISPLAYS AND INFORMATION PROCESSING
FOR FIELD OPERATIONS WILL BE CONDUCTED.

APPROACH: (U) STUDIES WILL SE CONDUCTED TO DEVELOP HUMAN
ENGINEERING CRITERIA FOR AIR DEFENSE AND COMMAND CONTROL DISPLAYS
AND INFORMATION PROCESSING EQUIPMENT- DETERMINE HUMAN FACTORS
IMPLICATIONS OF PERFORMING COMMUNICATION TASKS ON-THE-MOVE-
INVESTIGATE SWITCHBOARD OPERATOR CALL HANDLING VARIABLES.

RESOURCE ESTIMATED (FUNDS IN THOUSANDS) CFY 0

CFY-1 0 ,

CONTRACTOR ACCESS: YES ACCESSION NUM5•R: 0AOA4,42

PROCESSING DATE: 15 SEP 76

is

elt I p.

REPORT NO. CX7*419
"..

REOR N. X719 UNCLASSIFIED PAGE I A

U' 2.
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m ~UNCLASSI|FI!ED
ETIC REPORT NO. CXA41D APR 07. 1.83DTI¢ FORMAT 60078

plk 11TITLE: (U) EVALUATION OF ARMY AMMUNITION SUPP LY SYSTEM

PERFORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
FALCOW RESEARCH + DEVELOPMENT DARCOM HUMAN ENGINEERING

CO 1225 SOUTH HURON STREET LABORATORY ABERDEEN PROVING
DENVER CO 80223 GROUND MD 21005

PRINCIPAL INVESTIGATOR ASSOCIATE INV!WTIGATOR
DUVALL, 0 M

TELEPHONE NUMBER CONTRACT/GRANT NUMBER
301-276-3901 DAAKI11 79 C 0046

PERFORMANCE METHOD CONTRACT/GPANT AMOUNT
CONTRACT 59.500

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
20 AUG 30 MAR 78 FEB t0

KIND OF SUMMARY SUMMARY S%"CURITY WORK SECURITY
COMPLETION UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS
0 7500 HUMAN FACTORS ENGINEERING

009400 MAN-MACHINE RELATIONS
PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:

627115A 1L12?715AH70 O00

KEYWORDS: (U) HUMAN PERFORMANCE ;(U) AMMUNITION SUPPLY ;(U)
, MATERIAL HANDLING EQUIP ;(U) AMMO

DESCRIPTORS: (U) AMMUNITION ;(U) ACQUISITION ;(U) EXOSKELETON -
(U) DATA BASES ;(U) CRANES;(U) COMPUTERS :(U) WEATHER ;(U)
VARIATIONS ;(U) TRAINING ;(U) TERRAIN :(U) ROUGHNESS ;(U)
PERFCIMANCE(HUMAN): U) PERFORMANCE (ENGINEERING); (U) MATERIALS
HANO'ING;(U) LABORATORIES;(U) INSTRUMENTATION ;(U) FORKLIFT
VEHICLES ;(U) EXPERIMENTAL DATA

IDENTIFIERS:

OBJECTIVE: (U) SUPPORT INHOUSE RESEARCH FOR- ACQUISITION AND
ANALYSIS OF EXPERIMENTAL DATA ON THE RELATIONSHIPS OF HUMAN

REPORT NO. CX7419
UNCLASSIFIED PAGE 2

I- .
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UNCLASSIFI ED
OTIC REPORT NO. CX7412 APR 07. 1983

OTIC FORMAT S0075

PERFORMANCE AND TRAINING VARIABLES AND THE DESIGN OF MATERIEL
HANDLING EQUIPMENT TO MEET ROUGH TERRAIN. WEATHER, AND DAY AND
NIGHT REQUIREMENTS- INVESTIGATION OF NEW AND NOVEL TECHNIQUES FOR
MATERIEL HANDLING EQUIPMENT SUCH AS FORKLIFTS, CRANES, FORCE FEED
BACK CONTROLS, EXOSKELETCN, ETC- DEVELOPMENT OF A FIELD
LABORATORY- DEVELOPMENT OF A COMPREHENSIVE AMMUNITION HANDLING

k HUMAI FACTIRS DATA BASE.

APPROACH: 0'J) A COMPUTERIZED DATA BASE OF MHE OPERATOR
PEFORMANCE, 3ASED ON FIELD TEST DATA, WILL BE USED TO EVALUATE
SCURRENT ASP OPERATING PROCEDURES AND ORGANIZATION. NEW EQUIPMENT
TO SUPPORT ASP/ATP OPERATIONS AND THE RETAIL DELIVERY OF
AMMUNJITION WILL BE TESTED. BOTH DAY AND NIGHT, AND COMPARED
AGAINST THE CURRENT INVENTORY. INSTRUMENTED DATA (WHEN AVAILABLE)
MAY HELP IN THE ANALYIIS OF PERFORMANCE DIFFERENCES BETWEEN
SUBJ9CTS.

RESOIuRCE ESTIMATED (FUNDS IN THOUSANDS) CFY 0
CFY-I 0

CONTiACTOR ACCESS: YES ACCESSION NUMBER: DAOD4931

PROCESFING DATE: 10 SEP 80

mI.

""'., REPORT NO. CX7419
UNCLASSIFIED PAGE 2 A

B-19'
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UNCLASSIFIED
OTIC REPORT NO. CX7419 APR 07. 1983

DTIC FORMAT B0075

TITLE: (U) AUTOMATIC RIDE CONTROL

PERFORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
MOBILITY SYSTEMS LAB WARREN, MC TACOM MOBILITY SYSTEMS LAB
48090 WARREN MC 48090

PRINCIPAL INVESTIGATOR ASSOCIATE INVESTIGATOR
CAMERON. J W

TELEPHONE NUMBER CONTRACT/GRANT NUMIER
313756100031245

PERFORMANCE METHOD CONTRACT/GRANT AMOUNT
IN-HOUSE S O

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
13 DEC 71 JUN 60 DEC 71

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY
ThRMINATED UNCLASSIFZED I)NCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS
019400 ACTIVE ELECTROMAGNETIC RADIATORS, SENSORS & EQUIPMENT
007200 GROUND TRANSPORTATION EQUIPMENT
003700 COMBAT VEHICLES

PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:
02601A 1G562601D263 00

KEYWORDS: (U) MOBILITY :(U) SUSPENSION ;(U) CAOSS CnUNTRY
MOBILITY ;(U) REMOTE SENSOR ;

DESCRIPTORS: (U) ARMORED VEHICLES ;(U) AUTOMATIC ;(U) CARGO
VEHICLES ;(U) FEASIBILITY STUDIES ;(U) MOBILITY ;(U) *REMOTE
CONTROL ;(U) ROUGHNESS ;(U) *DETECTORS ;(U) SHOCK(MECHANICS) ;(U)
*SUSPENSION DEVICES;(U) *TERRAIN ;(U) VEHICLES

IDENTIFIERS: (U) COMBAT VEHICLES ;(U) CROSS COUNTRY TESTS ;(U)
RIDE COMFORT

OBJECTIVE: (U) INCREASE THE CROSS-COUNTRY SPEED OF MILITARY
VEHICLES BY FIVEFOLD OR SIXFOLD THROUGH DEVELOPMENT OF A REMOTE
SENSOR TO DETECT BUMPS IN THE VEHICLE PATH FOR AN ACTIVE

REPORT NO. CX7419
UNCLSSIIEDPAGE 3

B-20
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UNCLASSIFIED
DTIC REPORT NO. CX7419 APR 07, 1383

OTIC FORMAT 30075

SUSPENSION TO RAISE THE WHEELS BEFORE THE DUMP IS REACHED.

APPROACH: (U) THE DEVELOPMENT OF A PROFILE SENSOR COMPOSED OF A
LASER RANGER AND A ROCKING MIRROR SERVO SYSTEM WILL PROVIDE THEI.1 FINE RESOLUTION. HIGH DATA RATE AND RANGE ACCURACY REQUIRED. THISWILL BE SUPPLEMENTED BY A LONG RANGE MAJOR OBSTACLE SENSOR
SIMILAR TO AND INTEGRATED WITH THE PROFILE SENSOR AND BY ACRUSHABILITY SENSOR WHICH WILL LIKELY UTILIZE PASSIVE MICROWAVES.
UTILIZATION OF THE SENSING SYSTEM OUTPUT INFORMATION AS THECONTROL FOR AN ACTIVE SUSPENSION SYSTEM WILL PROVIDE AUTOMATIC
RIDE CONTROL.

RESOURCE ESTIMATED (FUNDS IN THOUSANDS) CFY 0CFY- 1 0

CONTRACTOR ACCESS: YES ACCESSION NUMBER: DAOF3495

PROCESSING DA'TE: 31 MAR 72

V.%

REPORT NO. CX7419
UNCLASSIFIED PAGE 3 A
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"B-21
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UNCLASSIFIED
DTIC REPORT NO. CX7418 APR 07. 1883

DTIC FORMAT 30075

TITLE: (U) TOPOGRAPHIC PRODUCTS TO SUPPORT ARMOR OPERATIONS

PERFORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
OCR ETL GEOGRPHIC SCEINCES DIV OCE ETL GEOGRPHIC SCEINCES DIV
FT UELVOIR VA 22060 FT BELVOIR VA 22060

PRINCIPAL INVESTIGATOR ASSOCIATE INVESTIGATOR
REIMER, A H

TELEPHONE NUMBER CONTRACT/GRANT NUMBER
703-664-5716

PERFORMANCE METHOD CONTRACT/GRANT AMOOKI1
IN-HOUSE S 0

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
01 APR 74 JAN 72 NAR 73

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY

TERMINATED UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS

007000 GEOGRAPHY
008400 INTELLIGENCE
011800 OPERATIONS. STRATEGY, AND TACTICS

PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:
03 3203 01

KEYWORDS: (U) ARMOR OPERATIONS :(U) MILITARY GEOGRAPHY;(U)
TERRAIN ;(U) TERRAIN INTELLIGENCE ;(U) TOPOGRAPHY

DESCRIPTORS: (U) *ARMORED VEHICLES ;(U) COLLECTING METHODS;(U)
CULTURE ;(U) FEASIBILITY STUDIES ;(U) GEOGRAPHY ;(U) IMAGES;(U)

MILITARY INTELLIGENCE ;(U) PREPARATION ;(U) REMOTE CONTROL ;(U)
DETECTORS ;(U) SOCIOLOGY :(U) STANDARDS ;(U) *TERRAIN
INTELLIGENCE

IDENTIFIERS: (U) ARMORED OPERATIONS;(U) FIELD ACTIVITIES ;(U)

MILITARY GEOGRAPHY;(U) MILITARY PLANNING ;(U) REMOTE DETECTORS

OBJECTIVE: (U) THE OBJECTIVE IS TO DEVELOP AN EXPERIMENTAL
TOPOGRAPHIC PRODUCT (OR FAMILY OF PRODUCTS) TO PROVIDE

REPORT NO. CX7419
UNCLASSIFIED PAGE 4

B-22
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UNCLASSIFIED
OTIC REPORT NO. CX741B APR 07. 1833DTIC FORMA4T 150075

INFORMATION ON TERRAIN AND CULTURAL CONDITIONS REQUIRED TO -
SUPPORT THE PLANNING AND CONDUCT OF ARMOR OPERATIONS.

APPROACH: (U) DETERMINE THE PRESENT AND NEAR FUTURE OPERATIONAL
FUNCTIONS OF, AND THE TERRAIN RELEVANT MILITARY DOCTRINE
GOVERNING ARMOR OPERATIONS. DETERMINE THE EFFECT OF TERRAIN ON
ARMO:t OPERATIONS AND THE SPECIFIC TERRAIN DATA NEEDED TO PLAN AND
CONDUCT SUCH OPERATIONS. DETERMINE THE FEASIBILITY OF USING NEW
IMAGE FORMING REMOTE SENSOR INFORMATION COLLECTION SYSTEMS FOR
PRODUCT DEVELOPMENT AND DESIGN. DESIGN PRODUCTS AT APPROPRIATE
SCALES AND SUBMIT ALTERNATIVES FOR APPROVAL. FIELD TEST AND
REVISE PRODUCTS. PREPARE REPORT FOLLOWING THE FIELD TESTS. SUBMIT
THE PACKAGE TO DEPARTMENT OF THE ARMY FOR ACCEPTANCE AS A
STANDARD ARMY PRODUCT.

RESOURCE ESTIMATED (FUNDS IN THOUSANDS) CFY 0
CFY"1 0

CONTRACTOR ACCESS: YES ACCESSION NUMBER: DAOG8014

PROCESSING DATE: 03 JUN 74

! .'

'it

REPORT NO. CX7419
UNCLASSIFIED PAGE 4 A

B-23
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UNCLASSIFIED
DTIC REPORT NO. CX7410 APR 07. 183

OTIC FORMAT 30075

TITLE: (U) OFF-ROAD MOBILITY AND GENERALIZED ANALYSIS WMEGAc
DRIVE TRAIN EVALUATION PROGRAM

PERFORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
TACOM ARMY TANK-AUTOMOTIVE TACOM ENGINEERING SCIENCE
COMMAND (CONCEPT + TECHNOLOGY DIVISION MOBILITY SYSTEMS
DIVISION WARREN MC 48030 LABURATORY WARREN MC 48030

PRINCIPAL INVESTIGATOR ASSOCIATE INVESTIGATOR
lWOLLAN,,J N

TELEPHONE NUMBER CONTRACT/GRANT NUMBER
313-173-10S1

PERFORMANCE METHOD CONTRACT/GRANT AMOUNT
IN-HOUSE $ 0

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
06 OJUL 74 JUL 73 dUN 71

KIND OF SUM.I.ARY SUMMARY SECURITY WORK SECURITY
TERMINATED UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS
007200 GROUND TRANSPORTATION EQUIPMENT
003700 COMBAT VEHICLES

PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:
65803A 1E858B03M730 00

KEYWORDS: (U) EVALUATION ;(U) ENGINES :(U) POWER TRAINS;(U)
MODELS;(U) GRAPHICS ;(U) SOFT

DESCRIPTORS: (U) *COMPUTER PROGRAMS ;(U) *TANK ENGINES;(U)
DRIVES; (U) COMBAT VEHICLES ;(U) ENGINEERS ;(U) INPUT OUTPUT
DEVICES ;(U) WEIGHT;(U) GEARS ;(U) RATIOS;(U) DRIVE SPROCKETS
(U) TORQUE CONVERTERS ;(U) TRANSMISSIONS(MECHANICS):(U) MOBILITY
;(U) TERRAIN ;(U) COMPUTER APPLICATIONS ;(U) GRAPHICS ;(U) MAN
MACHINE SYSTEMS ;(U) COMPUTERIZED SIMULATION ;(U) DIGITAL
COMPUTERS ;(U) INTERACTIONS;(U) AUTOMOTIVE VEHICLES ;(U) OFFROAD
TRAFFIC ;

IDENTIFIERS: (U) DESIGN;(U) *COMPUTER AIDED DESIGN ;(U) COMPUTER

REPORT NO. CX7419 UNCLASSIFIED PAGE 5

B-24



UNCLASSIFIED
DTIC REPORT NO. CX741B APR 07, 1SIS

DTIC FORMAT 50075

GRAPHICS ; (U) IBM 360 COMPUTERS ; (U) IOMEGA COMPUTER PROGRAN

OJECTIVE: (U) TO DEVELOP AN INTERACTIVE GRAPHICS PROGRAM FOR
COMPUTER AIDED EVALUATION Of VEHICLE ENGINES AND POWER TRAINS.
THE PROGRAM WILL ALLOW THE USER TO CHANGE VEHICLE WEIGHT., GEAR
RATIOS, SPROCKET DIAMETER. FUNCTIONAL CHARACTERISTICS OF ENGINES.
TORQUE CONVERTERS. TRANSMISSIONS AND SEVERAL OTHER PARAMETERS
THAT AFFECT A VEHICLES PERFORMANCE AND DISPLAY THE OUTPUT ON THE
GRAPHICS TERMINAL.

APPROACH: (U) TO UTILIZE TWO MODELS DEVELOPED PREVIOUSLY UNDER
THE OMEGA PROJECT AND GENERATE THE NECESSARY GRAPHICS SOFTWARE TO
ALLOW THE PROGRAM TO BE RUN IN A GRAPHIC MODE. THIS INTERACTIVE
GRAPHICS MODE WILL ALLOW ANY ENGINEER AT TACbM TO ACCESS VEHICLE
PERFORMANCE WITH DIFFERECT POWER TRAIN COMPONENTS, AND MAKE THIS
ASSESSMENT IN A MATTER OF MINUTES.

RESOURCE ESTIMATED (FUNDS IN THOUSANDS) CFY 0
CFY-1 0

CONTRACTOR ACCESS: YES ACCESSION NUMBER: DAOJ3514

PROCESSING DATE: 17 SEP 74

6A.

REPORT NO. CX7419
UNCLASSIFIED PAGE 5 A
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UNCLASSI FIED
DTIC REPORT NO. CX7411 APR 07, 1313

DTIC FORMAT BOO7S

TITLE: (U) DEVELOPMENT OF VEHICLE DYNAMICS MODEL

PERFORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
TARADCOM ENGINEERING SCIENCE TARADCOM SCIENCE + TECHNOLOGY
DIVISION MOBILITY SYSTEMS LAD DIVISION, TANK-AUTOMOTIVE R+D
VARREh MI 48090 LAB WARREN MI 45030

PRINCIPAL INVESTIGATOR tSSOCIATE INVESTIGATOR
SECK, R DR W M LIN&

TELEPHONE NUMBER CONTRACT/GRANT NUMBER
313-573-1574

PERFORMANCE METHOD CONTRACT/GRANT AMOUNT
IN-HOUSE S O

DATE Of SUMMARY START DATE ESTIMATED COMPLETION DATE
13 OCT 76 JUL 72 JUL 74

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY
TERMINATED UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS
003700 COMBAT VEHICLES
OISCOO SOLID MECHAN!CS

PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:I1102A IFIGI102852A 00

KEYWORDS: (U) VEHICLE DYNAMICS ;(U) RIDE ;(U) MOBILITY ;(U)

DESCRIPTORS: (U) *ANALOG DIGITAL COMPUTERS;(U) aDYNAMICS ;(U)
HUMAN FACTORS ENGINEERING ;(U) IMPACT;(U) MAThEMATICAL MODELS
(U) MOTION; (U) SIMULATION ;(U) SURFACE ROUGHNESS ;(U) TERRAIN
(U) *VEHICLES

IDENTIFIERS: (U) COMPUTER AIDED DESIGN ;(U) DESIGN;

OBJECTIVE: (U) TO DEVELOP A GENERALIZED THREE DIMENSIONAL DYNAMIC
ANALYSIS METHODOLOGY TO FACILITATE PARAMETRIC VEHICLE DESIGN
STUDIES.

REPORT NO. CX7419
UNCLASSIFIED PAGE 6
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UNCLASSI FIED

SfZC REPORT NO. 0X7416 APR 07. 1l3lDTIC FORMAT 50075

APPROACH: (U) THE APPROACH CONSISTS OF CREATING A COMPUTER
SIMULATION FEATURING A THREE DIMENSIONAL CHARACTERIZATION OF
VEICLE RESPONSE TO IMPACT FORCES GENERATED AT THE VEHICLE CONTACT
WiHEN TRAVERSING ROUGH TERRAIN. A SENSITIVITY ANALYSIS WILL BE
CONDUCTED TO EXAMINE THE INDIVIDUAL SUSMODELS AND THEIR EFFECT ON
THE RIDE LIMITING SPEED.

RESOURCE ESTIMATED (FUNDS IN THOU1ANOS) CFY aCPY-1 O

CONTRACTOR ACCESS: YES ACCESSION NUMBER: DAOK3501

PROCESSING DATE: 29 NOV 76

REPORT NO. CX7419P

UNCLASSIFIED PACE S A

-.7
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UNCLASSIFIED
DISC REPORT NO. .X741e APR OT. 1033

DTIC FORMAT B0075

TITLE,. (U) A0N CAW • NTROL TRAINING VEHICLE (CCrv)

PERFORMING ORGNIZATIION RESPONSIBLE GOVT ORGANIZATION
TARADCON TANK AUTOMOTZVE DARCOM PROJECT MANAGER FOR
RESEARCH AND DEVELOPMENT TRAINING DEVICES, NAVAL
COMANND WARREN MI 48090 TRAINING EQUIPMENT CENTER

ORLANDO FL 32113

PRINCIPAL INVESTIGATOR ASSOCIATE INVESTIGATOR
BLANKENSHIP, I

TELEPHONE NUMBER CONTRACT/GRANT NUMBER
$13-573-1455

PERFORMANCE METHOD CONTRACT/GRANT AMOUNT
IN-HOUSE *0

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
01 APR 73 MAY 70 SEP 77

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY
TERMINATED UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECHNOLOCICAL AREAS
003400 MAN-MACHINE RELATIONS
011800 OPERATIONS, STRATEGY, AND TACTICS

PROGRAM •LEMENT: PROJECT NO: TASK NUMBER:

047 15A IX76471SD572 0

KEYWORDS: (U) LIGHTWEIGHT VEHICLE FOR ARMOR AND INFANTRY UNITS;

DESCRIPTORS: (U) MECHANIZATION ;(U) INFANTRY ;(U) REQUIREMENTS
(U) TERRAIN ;(U) LEADERSHIP TRAINING :(U) ARMOR ;(U) GROUND
VEHICLES ;(U) REPORTS :(U) RELIABILITY

IDENTIFIERS:

OBJECTIVE: (U) TO PROVIDE ARMOR AND MECHANIZED INFANTRY UNITS
WITH A SMALL. LI;GrWEIGHT, EASY-TO-MAINTAIN VEHICLE WHICH WILL BE
UTILIZED FOR LEADERSHIP TRAINING DURING COMMAND AND CONTROLI
TRAINING EXERCISES WHILE KEEPING MANEUVER DAMAGE TO A MINIMUM.
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UNCLASSIFIED 0DTIC REPORT NO. CX7419 APR 07. 1908
TITS FORMAT BOO75

APPROACH: (U) COMMERCIALLY AVAILABLE, ALL-TERRAIN VEHICLES
(ATVS) PURCHASED FROM TWO MANUFACTURERS, AND MODIFIED MISIAI
VYHICLES WILL COMPETE DURINO A CONCURRENT DT/OT 2I TO DETERMINE
NME VEHICLE WHICH BEST SATISFIES THE REQUIREMENT. FOLLOWING
VEHICLE SELECTION, APPROXIMATELY 1t00 VEHICLES WILL BE
MANUFACTURED/MODIFIED FOR FIELD USE.

RESOURCE ESTIMATED (FUNDS IN THOUSANDS) OPY 0
CFY-1 0t

CONTRACTOR ACCESS: YES ACCESSION NUMBER' DAOU41SS

PROCESSING DATE: O MAY 70
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UNCLASSZ FIRDE
VI2C REPORT NO. CXT416 APR 07. 1SISl:rC FORMAT B0075

APPROACH: (U) COMMERCIALLY AVAILABLE, ALL-TERRAIN VEHICLES
(ATVS) PURCHASED FROM TWO MANUFACTURERS, AND NODIFIED MIBIAI
VEHICLE$ WILL COMPETE DURING A CONCURRENT OT/OT 11 TO DETERMINE
THE VEHICLE WHICH lEST SATISFIES THE REQUIREMENT. FOLLOWINM
VEHICLE SELECTION, APPROXIMATELY 1600 VEHICLES WILL 31
NANUFACTURED/MODIFIED FOR FIELD USE.

RESOURCE ESTIMATED (FUNDS IN THOUSANDS) CrY 0
CPY-t 0

CONTRACTOR ACCESS: YES ACCESSION NUMBER: DAOU4S38

PROCLSSING DATE: US MAY 7?
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UNCLASSI FIEO

r|IC REPORT NO. CX74'19 APR 07. 1its
DTIC FORMAT 60076

TITLE: (U) TERRAIN ANALYSIS DEMONSTRATOR

PERFORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
DOE ETL RISMARON INSTITUTE ITL OCt ETL RISEARCH INSTITUTE
RI-I FT BlLVOCI VA 22060 ITL-RI-B FT &ILVOIR VA 220O

PRINCIPAL INVESTIGATOR ASSOCIATE INVESTIGATOR
ZI-4ERMAN. lB.

TILIEPHON NUEMER CONTRACT/SRrT NUMBER
7036644046

PERFORMANCE METHOD CONTRACT/GRANT AMOUNT
IN-HOUSE S 0

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
27 AN5 3 OCT SI E2P of

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY
NEW UNCLASSI F I UNCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS
004200 COMPUTERS
008400 INTELLIGENCE

PROGRAM ELEMSNT: PROJECT NO: TASK NUliBER:
62707A 4A"162O77A&5 C

KEYWORDS: (U) ARTIFICIAL INTELLIGENCE ;(U) ROBOTICS ;(U) TERRAIN
ANALYSIS ;(U) RECONNAISSANCE ;1

DESCRIPTORS: (U)'AGREEMENTS ;(U) ARMOR ;(U) ARMY EQUIPMENT ;(U)
ARTIFICIAL INTELLIGENCE ;(U) AUTOMATA ;(U) BASE LINES ;(U)
COMPUTER PROGRAMS ;(U) CONPUTERS ;(U) CONTRACTS ;(U) DATA bASES
(U) DEMONSTRATIONS ;(U) DETECTORS ;(U) ENGINEERS ;(U) rUNCTIONS
(U) HUMAN FACTORS ENGINEERING ;(U) INTEGRATED SYSTENS:(U) 5,-

LNIORATORIES; (U) MICROCOMPUTERS ; (U) NULTICHANNEL COMMUNICATIONS
:(iU) PLANNING -(U) RECONNAISSANCE ;(U) REQUIREMENTS;(U) TERRAIN
(U) TEST FACILITIES ;(U) TOPOGRAPHY ;(U) VEHICLES

IDENTIFIERS:

OBJECTIVE: (U) TO ESTABLISH THE TECHNICAL REQUIJEMENTS FOR

REPORT NO. CX7419 5..E., UNCLASSI FIED PAGE £i

B-31

":• •. " " " , . . .• " " " • ,, " . " " " " . . . , ' . , .' , ', , ' ' . . , . • \ ' " • '• ' ' . .' ', ', Z '• ,, ,' % % • , " .• , " , " , , , ' , ".i, "
bu



UNCLASSIFIED
TWIC REPORT NO. CX741 APR 0?, 1943

OTIC FORMAT 30073

IMPLEMENTING A ROBOTIC RECONNAISSANCE VEHICLE DEMONSTRATOR WITH
TERRAIN ANALYSIS. THIS WORK WILL SPECIFY THE BASE LINE HARDWARE,
SOFTWARE, DATA BASE, AND SYSTEM INTEGRATION FUNCTIONAL
REQUIREMENTS SO THAT A FIELDASLE. WORKING DEMONSTRATION VEHICLE
CAN llE CONSTRUCTED.

APPROACH: (U) IN-HOUSE AND CONTRACT STUDIES WILL DETERMINE THE
AVAILABILITY AND APPLICABILRTY OF VARIOUS QRAPHICS/IMAG!
PROCESSING SOFTWARE MODULES; AVAILABILITY AND FEASIBILITY OF
VARIOUS TOPOGRAPHIC/TERRAIN DATA BASES FOR PROPOSED TEST AREAS;
SYSTEM INTEGRATION REQUIREMENTS FOR IMPLEMENTING THE
MULTIPROCESSOR, MICROCOMPUTER BASED COMPUTER SYSTEMS AND THE
VARIOUS RECONNAISSANCE SENSORS- AND THE MULTI-CHANNEL
COMMUNICATIONS REQUIREMENTS.

RESOURCt ESTIMATED (FUNDS IN THOUSANDS) CrY SOG
CFY-"1

CONTRACTOR ACCESS: YES ACCESSION NUMBER: DA3t01O5%

PROCESSING DATE: 31 JAN 13

SS
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UNCLASSIFIED
DIDC REPORT NO. CX7410 APR 07. 1983

DTIC FORMAT B0075

"TITLE: (U) ROBOTIC VEHICLE ROUTE PLANNING

PERWORMING ORGANIZATION RESPONSIBLE GOVT ORGANIZATION
0C# ETL RESEARCH INSTITUTE ETL OCE ETL RESEARCH INSTITUTE
RI-B FT BELVOIR VA 22060 ETL-RI-B FT BELVOIR VA 22060

PRINCIPAL INVESTIGATOR ASSOCIATE INVESTIGATOR
LEIGHTY, R. D.

TELEPHONE NUMBER CONTRACT/GRANT NUMBER
7036643220

PERFORMANCE METHOD CONTRACT/GRANT AMOUNT
IN-HOUSE S0

DATE OF SUMMARY START DATE ESTIMATED COMPLETION DATE
03 FEB 83 FEB 83 SEP 83

KIND OF SUMMARY SUMMARY SECURITY WORK SECURITY
NEW UNCLASSIFIED UNCLASSIFIED

SCIENTIFIC AND TECHNOLOGICAL AREAS
004200 COMPUTERS
008400 INTELLIGENCE

PROGRAM ELEMENT: PROJECT NO: TASK NUMBER:
6.101A 4A161101A91D 01

KEYWORDS: (U) ROBOTICS ;(U) TERRAIN ANALYSIS ;(U) ARTIFICIAL
INTELLIGENCE ;(U) ROUTE PLANNING

DESCRIPTORS: (U) ALGORITHMS ;(U) ARTIFICIAL INTELLIGENCE ;(U)
AUTOMATA ;(U) COLORS;(U) COMPUTER PROGRAMS ;(U) COMPUTERS ;(U)
DATA BASES ;(U) D141TAL SYSTEMS ;(U) ELEVATION ;(U) FLOORS;(U)
HYDROLOGY ;(U) INDUSTRIAL PLANTS ;(U) MONITORS ;(U)
OPERATORS(PERSONNEL) ;(U) PLANNING ;(U) RECONNAISSANCE ;(U) SOILS
;(U) SURFACES ;(U) TERRAIN ;(U) TWO DIMENSIONAL ;(U) VEGETATION
(U) VEHICLES

IDENTIFIERS:

OBJECTIVE: (U) CURRENT ROBOT ROUTE PLANNING ALGORITHMS ARE
DESIGNED TO LOCATE PATHS AROUND OBSTACLES Ol A TWO-DIMENSIONAL
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